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During a recent trip East, the writer visited the Chamberlain 


Yerkes, Naval, Flower and Harvard Observatories (at Denvet 
William’s Bay, Washington, Philadelphia and Cambridge) and 
at each point made observations of Mars in the early morning 
Of all these, the view at Washingto1 he best The deta 

visible was the Syrtis Maj ’ \ 
number of canals were very distinct 

presented a doubled appearance such : seen a 

times. Upon obtaining this view, it seemec 31 ill, our 
claim for remarkably good seeing at | ( e] 
made; for, at a point in the East whe ’ 
of seeing fine planetary markings, it possible to r itl 
ease a number of canals. But not lon fter returning to this 
Observatory,a good night appeared, notwithstanding the winte1 
weather, and the view of Mars was so vastly superior to the 


best that was visible in Washington that the 


seeing seemed to be 
not merely improved quantitatively but to be of an entirely dif 
ferent quality. The Planet stood out before its dark background 
like a beautiful colored print in which there was a vast amount 
of detail and a beautiful blending of soft hazy greens, light grays, 
pronounced yellows and pure white. Work on such an object is 
a pleasure from an artistic point of view. 

The view in Washington seemed of a different quality from 
this. The colors were not clearly defined and distinct one from 
another but rather there seemed a general vellowish tint over the 
whole planet. Perhaps this was due to the special quality of 
the seeing. Curiously enough, Mr. Anderson described the night 
as a poor one while at the Flower Observatory, where planetary 
markings were not easily seen, the night was called somewhat 
superior. This disagreement occurred because the atmospheric 
requirements for seeing fine planetary markings are not the same 
as for micrometer measures of double stars or measures of di- 
ameters of planets, and are invariably more difficult to obtain, 
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The accompanying drawings give the present appearance of 
the planet They have been made at various times since the last 
day of December and are reproduced as exactly as possible from 
the originals. It will be noticed that the planet is practically cir- 
cular. This, of course, is on account of its nearness to opposi- 
tion, which took place on the 18th of January. On each obser- 
vation up to that of January 9th, it was apparent that the ter- 
minator appeared slightly darker than the limb. On that day 
ppeared fully as bright as the limb or brighter, 


but of a different color, namely, yellow instead of white. I have 


the terminator a 


associated this yellowish tint of the terminator with the fact 


that the afternoon regions of the planet in general appear hazy 
and jack contrast in their detail, and by the analogy of our 
own eq orial regions, in which the air is calm in the morning 
but in violent motion in the afternoons, conclude that it is the 
same on Mars as with us, tik haziness being due to dust it the 


air aud its color to the fact that it is dust and not moisture. 
The white in the morning portions of Mars comes from the purer 
air of that hour and perhaps from the deposition of frost. 

The North Pole of the planet is now turned well towards us 
for the first time since so great interest has been displayed in 
this planet by Americans and therefore the detail becomes 
specially interesting. The season corresponds to our April 
and the polar cap is of great size extending almost to latitude 
60 degrees as judged by comparison with Schiaparelli’s 
map. All the detail in the Northern hemisphere is well de- 
veloped and the markings in the vicinity of the polar cap show 
very dark. In the opposition which succeeds this or in the later 
part of this opposition we may expect the polar cap to have re- 
ceded to a marked degree and to disclose much detail nearer the 
poles than that which is now apparent. 

Upon comparing the present appearance of the planet with the 
maps and drawings presented in Flammarian’s great work on 
Mars, we find that we now see as far north on the planet as was 
seen in the opposition of 1881 and ’82 but more canals appear 
in the region between the equatorial seas and the north polar 
cap than are shown in the drawings of that period. The con- 
figuration, however, is much the same. In the configuration of 
the large canals or markings near the polar cap there are now 

* The seeing at this season is usually very bad although the nights may be 
very clear. Practically no time has been given to observations of the satellites 
but Deimos was easily seen by the writer on Dec. 22nd and Phobos was probably 
seen by Mr. Cogshall on that same night, that is; stars were seen of the proper 
brightness and in the proper places as given in the ephemeris. 
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many points of striking similarity to the drawings of Perrotin 
ind Thollon made in 1886 and also to Schiaparelli’s general 


map of his observations from 1877 to 1888 


However, some changes of much importance are evident, of 
which the most conspicuous is in th \I n) eastern outline 
of Svrtis Major The changes in this re¢ seem to be se 1 
rather than seasonal, that is, while p varving he 
season, there is a marked difference bet we the same s« ( i 
different vears. Such changes in this region were noticed long 
ago. Flammarian calls attention to the difference betweet P 
drawings of Dawes in 1864 and those of Schiaparelli in 1879 to 
1888. The oppositions of 1864 i regards 
season and the appearance of 1 ve been the 
same ineach. Schiaparelli ! S es in 
this outline which occurred during his series of obs 
tions. (See diagram in ‘‘Mars,”’ p. 4 He shows that 1 
1877 the sea was very narrow in an | Vest direction 1 
the latitude of Lacus Moeris. In 1879 to ’S2 the idth has 
doubled. In 1884 to ’S8 it was nearly tripled. From personal 


observations, I can continue by saying that in 1892 to 1896 in 
that same region, the width was quadrupled. This, be it no 
ticed, was in an Opposition presenting the same seasons as in ‘77 
to ’81 when the sea was nearly its narrowest. In the present 
opposition of 1898 to’99 it seems to have returned to almost 
thesame configuration that it had in1879 to ’82. As an inference 
from these facts, we can state in general that the seasonal change 
of the Syrtis Major at the vernal equinox is a drying out but 
in the years 1894 to ’96 the drying out came very late; that is, 
during those years there was an extra abundance of moisture in 
that region, and therefore a persistent dark tint to the vegeta- 
tion. This supposition of abundance of water in those years is 
corroborated by the fact that in 1894, at least, the projections 
on the terminator due to clouds wtre extremely numerous 
Libya, which in past times has been so neted for its bright 
ness, has this time also been seen highly i!luminated. A bright, 
nearly continuous band has been seen stretching from Libya 
through the region of Schiaparelli’s Nix Atlantica shown in his 
map of 1877 to ’86 and thence passing for a long distance along 
the northern side of Nilosyrtis. At one point near the northern 
end of this canal a bright spot appeared on its southern side. 
Edom Promontory also shows with it customary conspicuous- 
ness. On one occasion a long, very narrow, brilliant line ap- 
peared on the extreme southern edge of the polar cap, in the 
longitudes of Syrtis Major and Sinus Sabaeus 
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Elysium shows as in the old drawings of twenty years ago as 
surrounded by a circle of dark markings but these are soluble 
into individual canals and oases. Instead of the double canals 
on the (Martian) south and east side I get the impression of 
systems of canals inclined at small angles to each other forming 
triangles; for instance, Cerberus appears as a narrow isosceles 
triangle with its fine vertex towards the southwest and the 
Hades appears as a similar area with its vertex towards the 
south. 

Besides showing canals in the light region, the drawings show 
some in the dark parts of the planet, which agree in general with 
drawings made here in 1894 and 1896 (for 1894 see Annals of the 
Lowell Observatory, Vol. I. For 1896 compare Cerulli’s observ- 
ations). Owing to the marked lightening or drying up of the Syr- 
tis Major region new details of great interest have appeared, 


especially near its darkest parts. Of course the study of those re- 
gions is under the disadvantage of the extra tilt of the south pole 
away from us, thus making them appear at a considerable inclin- 
ation. Seas still further to the south than the Syrtis Major pre- 
sent in their canal system a very close agreement with the records 
of the last two oppositions 

On the other hand the regions well in the northern hemisphere 
such as Mare Acidalium, Lacus Niliacus, Ceraunius, etc., show to 

1 


advantage and exhibit a canal structure similar to the southern 
dark regions. 

Inconnection with this subject some historical points are worth 
noting. In 1862 Lockyer and others made some drawings which 
show ill-defined and meaningless streaks in the dark regions. In 
1877 Von Ertborn having used an instrument of a little over 4 
inches aperture, represents canal-like marks emerging from the 
Syrtis Major in south and southwest (Martian) directions. The 
former very probably is the canal afterwards seen by Professor 
W. H. Pickering in 1892 and to which he gave the generic name 
of ‘‘River System.’’ The seas represented in Perrotin and Thol- 
lon’s map of 1886, are very canal-like in their narrowness but 
were yet regarded as seas; and the same remarks apply to some 
of Schiaparelli’s work. * 

Professor Pickering’s first drawing of a canal in the dark re- 
gions was on June 24, 1892. On the 16th and 17th of the follow- 
ing month, he drew the canal above referred to, stretching from 
the Syrtis Major up towards the south polar cap, and branches 


* These data are from Flammarian's ‘‘ Mars.”’ 
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to it, and called the whole a river system. This was published 
in the Autumn of that same year and in the description, under 
date of August 1, he even applies the name of canal to it. (As- 
tronomy and Astro Physics, Vol. XI, pp. 668-849.) Altogether six 
drawings by Professor lickering and eleven by the writer show- 
ing these canals were made between July 16 and September 22. 
Professor J. M. Schaeberle at the Lick Observatory drew a num- 
ber of these canals and recognized them as a distinct feature of 
the planet, by calling attention to the ‘‘streaks’’ in the dark 
region. (Pub. A.S. P., IV, 197; V, 127.) 

It was in 1894 that the writer’s chief work was done andin the 
following opposition. During the present opposition the winter 
weather has thus far prevented micronometer observations of 
the dark region canals. 

No observations of any consequence have vet been made at this 
opposition upon irregularities of the terminator In 1892 a fair 
number were seen; in 1894 they were extremely numerous; in 
1896 a fair number were observed, while at present they seem to 
be very scarce. These are of interest and importance in studying 
the meteorology of the planet. One class of them however seem 
difficult of explanation, namely the “‘cusp-knobs”’ or high projec- 
tions near the cusps. These were seen both in 1892 and 1894 
and frequently appeared to project many miles beyond the true 
limb, (from 30 to 60 miles). Of course cloud height could be 
greater on Mars as the atmosphere decreases in density on ascent 
much more slowly than with us. I mention them now chiefly to 
call attention to the fact hitherto almost unnoticed, that they 
were seen in 1892 as well as in 1894. 

LOWELL OBSERVATORY, Flagstaff, Arizona. 

February 11, 1899. 


THE APPARENT FIGURE OF THE SKY. 


FRANK SCHLESINGER 


For POPULAR ASTRONOMY. 


The phenomenon to which astronomers usually refer as the 
“horizontal moon” or the apparent exaggeration of the Moon’s 
size when seen near the horizon, has attracted the attention of 
even the least observant persons. This apparent exaggeration 
is not peculiar to the Moon but is seen also in the case of the 
Sun; and to those familiar with the constellations, some of these 
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appear of startling size when seen near the horizon. As may eas- 
ily be proven by measurement, the phenomenon is nothing more 
than an optical illusion. Indeed, in the case of the Moon, meas- 
urements at low altitudes are actually less than at higher ones, 
for the Moon is then farther from the observer. Irradiation and 
refraction (which diminishes the vertical diameter) would also 
tend to make the angular diameter of the horizontal Moon less 
than when near the zenith. All these effects are, however, very 
small and for present purposes we may assume that the full 
Moon is circular and always subtends the same angle. 

The explanation of the phenomenon isto be found in the appar- 
ent shape of the sky. Instead of appearing equally distant from 
the observer in all directions it seems to have the form of a flat- 
tened surface, being nearest overhead and farthest in a horizontal 
direction. As the Moon always appears to lie in this surface, and 
always subtends the same angle, we imagine its linear dimensions 
to be greater the nearer it approaches the horizon. In order to 
complete this explanation for the horizontal Moon we have still 
to discover why the sky appears flat. The evidence on this point 
is not conclusive, but probably the apparent flatness has a physi- 
ological origin, as we shall see presently. The number of writers 
on astronomy and optics who have considered this question is 
verv great, and no attempt can be made in this paper to give a 
complete account of the subject. I shall merely try to point out 
the leading facts in its development up to the present time. 

Ptolemy (A. D. 139) seems to have been the first to record the 
horizontal Moon and to offer an explanation, though the phen- 
omenon was doubtless observed and discussed by the early 
Greek astronomers. Ptolemy states correctly that the illusion is 
a continuous one, that is, that the apparent size of a heavenly 
body varies with its zenith distance. This he accounts for by 
saying that objects appear small when seen at considerable alti- 
tudes because of the inconvenient and unaccustomed position 
which the head must assume in viewing them. It must be remem- 
bered that in Ptolemy’s time the illusion was very apt to be a 
real source of error in astronomical observations, since these con- 
sisted to a large extent in eye estimations.* 

A somewhat fuller account of our phenomenon is given by Al- 
hazen,} an Arabian astronomer who lived about the year 1100. 
He seems to have been the first to suggest the flat sky as an ex- 
planation, although this has heen wrongly accredited to Ptolemy.t 

* Almagest, Book 2, Chapter 9. 
+ Fol. Basileae, 1572, Alhazenis arabis libri septum, page 278. 


* Montucla: Histoire des Mathematiques, Vol. 1, page 308. Delambre: His- 
toire de I'Astronomie Ancienne, Vol. 2, page +12. 
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Alhazen assumes that the sky is a portion of a spherical sur- 
face whose center coincides with that of the Earth, as shown in 
Figure 1. But this supposition is at most a very crude approxi- 
mation, for the ratio of the distances OR and OZ (and therefore 
of the apparent sizes of the Moon in the corresponding positions) 
is given very nearly by the expression 

st) 


\OZ 


where OZ is expressed in kilometres. Now as the sky overhead 


would appear to no observer to be as distant as a kilometre, Al- 


hazen’s supposition would entail a horizontal Moon of at least 


eighty times the diameter of one in the zenith 


a om Say, 





Fic. 1.—ALHAZEN’S FIGURE OF THE SK\ 

Alhazen attributes the apparent flatness of the sky to the fact 
that our line of vision is broken by terrestrial objects when we 
view a heavenly body near the horizon. This explanation has 
been pretty generally accepted by later writers although it may 
beeasily disproved. Thus, the horizontal Moon is not diminished 
by observing it through a broad tube which hides all other ob- 
jects from the view. Nor does the Moon look larger than usual, 
if observed, when at a considerable altitude, over the crest of a 
steep hill. Finally, the illusion is just as apparent at sea as 
upon the land. 

A very clear and ingenious account of the horizontal Moon is 
given by Robert Smith* whom I quote somewhat fully: 

‘‘The concavity of the heavens appears to the eye, which is the 
only judge of an apparent figure to be the less portion of a 
spherical surface than a hemisphere; I mean that the centre of 
the concavity is much below the eye, and by taking a medium 
among several observations, I find the apparent distance of its 
parts at the horizon is generally between three and four times 
greater than the apparent distance of its parts overhead. For 
by the eve we estimate the distance between any two objects in 


* A Compleat System of Opticks, Cambridge, 1738. Article 163. 
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the heavens by the quantity of sky which appears to lie between 
them; as upon the Earth we estimate it by the quantity of 
ground that lies between them. Now in making several obser- 
vations upon the Sun and some others upon the Moon and stars, 
they seemed to me to bisect the vertical arch ABC at B when 
their apparent altitudes or the angle AOB was about 23 degrees. 
When the Sun was 30 degrees high, the upper arch seemed al- 
ways less than the under, and I think always greater when the 
Sun was about 18 or 20 degrees high. The centre E may be 
found geometrically by constructing a cubic equation, or as 
quick and sufficiently exact by trying whether the chords BA, 
BC of the arch ABC drawn by conjecture, are equal; and by alter- 
ing the radius BE till they are so; which gives the proportion of 
OC to OA as 8 to 10 or as 1 to 3% nearly. 


Cc 
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Fic. 2.—Smiru's FIGURE OF THE SKY 


‘“‘T have been the more particular in considering the apparent 
figure of the sky, because I do not find it has ever yet been de- 
termined; although it is absolutely necessary to a satisfactory 
solution of several noted appearances in the heavens. For in- 
stance supposing the arch ABC | Figure 2] to represent that ap- 
parent concavity, I find the diameter of the Sun or Moon will 
appear to be greater in the horizon than at any proposed alti- 
tude, measured by the angle AOB,in the proportion of its ap- 
parent distances OA, OB. The numbers that express these pro- 
portions are set down in this table. 


The Sun or Moon's Apparent 
altitude in degrees. diameter 

8) 100 

1s 68 

30 50 

45 40 

60 34 

75 31 


90 30 


‘‘For the same reason all other objects and distances in the 
heavens, as well as the Sun and Moon, must seem to be greater 
in the horizon than in higher situations; and it is well known 
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that they do so. Hence I deduce anotherexperimental proof that 
these proportions of the Moon’s apparent magnitudes are ex- 
actly assigned. In a clear star-light night take notice of the 
distance of any two stars that lie near each other, and as high 
as possible; at the same time pick out two other stars situated 
as low as possible whose distance from each other seems equal 
to that of the two higher stars. Then on a globe, map, or by 
calculation, find the real distances of each pair of stars in de- 
grees and minutes and also the altitudes of the middle points of 
those distances above the horizon.’’ Our author then goes on to 
explain in detail how these data will enable us to find the rela- 
tive dimensions of the apparent vault of the sky at different al- 
titudes. Some other interesting phenomena are then touched 
upon as follows: 

“This apparent concave being less than a hemisphere is also 
the cause that the breadths of the colors in the inward and out- 
ward rainbows, and the interval between the bows, appear least 
at the top and greatest at the bottom, and in descending from 
top to bottom are gradually increased, though the angles sub- 
tended at the eve by all those breadths are the same in every 
part of the bows, and by an estimate of the apparent breadths 
of the inward rainbow at two different heights, made by a 
friend, I determined the apparent concavity of the sky to be 
much the same as by the two former methods. And I take it to 
be owing to the same cause that a halo about the Sun or Moon 
does not appear circular and concentric to the Sun or Moon, but 
oval and eccentric, with its longest diameter perpendicular to 
the horizon, and extended from the Sun further downwards than 
upwards, as Isaac Newton has described in his optics, page 290. 
This oval figure is also taken notice of in a halo observed by Mr 
Whiston, and its eccentricity has been observed by Dr. Halley; 
and I have lately observed the same things myself even when the 
Moon was very high.” 

S.nith does not commit the common error of attributing these 
illusions to the presence of terrestrial objects near the horizon, 
but instead he incorrectly assigns an explanation based on per- 
spective effects. This was particularly unfortunate in the pres- 
ent case because it led him to consider a spherical for: of the 
sky a necessity. His second method, that is, the one in which he 
compares the distances between two sets of stars at different al- 
titudes, is admirably fitted for the determination of the shape of 
the sky without making any a priori assumptions. Indeed only 
one other method of observation has been proposed which is 
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more effective, and this is to be found in Smith’s book, but 
credited to his friend Folkes. Smith says:* ‘tUpon communicat- 


ing my determination of the figure of the sky with my esteemed 
friend Martin Folkes, Esquire, he was pleased to approve of it; 
and added that he had frequently observed the sky to appear of 
a conchoidal shape as represented by the line in Figure 3. Which 
[ find also is frequently very evident. He also observed to me, 
that the apparent distance of the Sun or Moon at any given 
place B, might be computed within certain limits, by conceiving 
a perpendicular BP to fall upon the ground OA and by taking 





Fic. 3.—FOLKE’s FIGURE OF THE Sky. 

notice of some distant mark near P where it is imagined to fall; 
(upon which I find that several persons standing together at O 
will agree in their judgments very nearly;) then having measured 
the distance OP and taken the Sun’s altitude BOP, the side OP 
of the triangle OBP may be found.”’ This ingenious method en- 
ables us not only to determine the figure of the sky, but its ab- 
solute dimensions as well. 

Professor Deichmuller, of Bonn, seems to be the first to execute 
a systematic series of observations on the shape of the sky. The 
method used by him is practically that of Folkes just described. 
In areport read only last fall before a learned society in Ger- 
many, he describes his observations and gives his results. The 
observations were made on a level street in Bonn. Having 
selected a bright star the observer places himself in such a posi- 
tion that the star appears to be directly over some well defined 
terrestrial object such as the corner of a house. The time is then 
noted and the distance measured from the observer’s feet to the 
house corner. From the time and the known right ascension and 
declination of the star, and the latitude of the place, the altitude 
may be computed. Thus we have sufficient data to compute the 
apparent distance of the heavenly body. Professor Deichmuller’s 
observations were very accordant so long as he kept to the same 
terrestrial object. But he found that the apparent distance to 
the sky changed with the height of the object, even for stars of 
same altitude. Allowing for this, the result of Professor Deich- 
muller’s observations are shown approximately in the accompany- 


* A Compleat System of Opticks, Article 323 of the Remarks. 
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Fic. 4.—DEICHMULLER'S FIGURE OF THE SKY. 


ing figure, which gives an astonishing shape to the sky especi- 
ally near the zenith, where the curve takes a sudden dip 

I shall conclude this very brief sketch by the following extract 
from a letter written by Gauss to Bessel on April 9,1830. Speak- 
ing of the explanation of the horizontal Moon which attributes 
the effect to the terrestrial objects which lie near the horizon, he 
says: “The common explanation of this phenomenon has never 
satisfied me. These arguments may be very convincing to persons 
who are in the habit of estimating the size of the Moon in terms 
of dinner plates and wagon wheels, but they will not serve for 
astronomers, who use only angles in their estimations. Never- 
theless even the astronomer, with all his knowledge of the 
theory, cannot rid himself of this apparent exaggeration of the 
Moon’s size. Various experiments should be performed in this 
connection. For example, the full Moon in the horizon might be 
observed in a mirror so as to throw it to a greater altitude, with- 
out the observer being [too] conscious of the mirror or its appur- 
tenances; and on the other hand the full Moon at a high altitude 
might be similarly thrown into the horizon. The mirror ought 
to be very large and very accurately plane in order to fulfil the 
above conditions, and I have none such at my disposal. It ap- 
peared to me furtheras though the phenomenon might have a phy- 
siological explanation, which the following experiment seems to 
prove. IfI observe the full Moon when it is high in the heavens 
with the body inclined far backward (so that my head occupies 
its usual position with respect to my body, and so that the Moon 
is seen in a direction about at right angles to the face,) I see the 
Moon somewhat larger than usual. On the other hand if I ob- 
serve the full Moon near the horizon with the body leaning for- 
ward, | see it somewhat smaller than with the body erect.” It 
is noteworthy that Ptolemy, the very first writer on the subject, 
seems to have had an inkling of what Gauss thus proves. 

I hope what has been given may have convinced the reader of 
the importance of the subject and of the necessity for further ob- 
servation. Gauss’ experiments should be repeated, especially 
those of the inclined body. The method used by Folkes and Deich- 
muller to determine the shape of the sky seems to be a very ad- 


* No observations were made by Professor Deichmuller in the region whick 
corresponds to the dotted portion of the curve. 
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mirable one so long as the heavenly body has not too great an 
altitude. Near the zenith Smith’s method will be found of great 
service, and probably the best results will be obtained from a 
combination of the two methods. 


THE GROWTH OF WORLDS. III. 


W. W. PAYNE. 

In pursuing our thought in relation to the growth of worlds, 
in the study of the great men of early times, we ought to say 
more about what Copernicus did and taught. We have before 
seen how Copernicus reasoned to come to the conclusions that 
the Earth rotated on its axis, and that it also had an annual 
motion around the Sun. At this time we, at best, can poorly 
comprehend the task he had before him to get out of his mind 
and, also, out of the minds of those whom he taught, the idea of 
a material celestial sphere which seemed to he necessary to keep 
the heavenly bodies in place in relation to one another. The be- 
lief that all the universe was in some way bound together in one 
great whole had been prevalent from earliest times. The best 
minds would find it difficult to think of any way to holdthestars 
and planets in known relations more or less constant without 
material spheres for doing it. The sacred books of those divers 
watchers of the sky taught that the Creator had made the 
heavens and the Earth. What was meant by the heavens? Was 
it only the shining points that dot the sky and all the space be- 
tween anempty void? Right at this point is again seen the won- 
derful penetration of the mind of Copernicus. He could believe 
that the stars were fixed in the sky, and that a material sphere 
to hold them in place was not necessary. This being true, it 
would easily follow that the stars need not be all equally distant 
from the Earth as others had taught, nor even equally distant 
from the Sun, the center of motion of his solar system. This 
position involved a great step forward, and it must have required 
great courage in his time to teach such doctrine. 

In his thinking, Copernicus did not find it apparently very diffi- 
cult to explain the motions of the planets then known, although 
the backward and forward motions among the stars, especially 
of Venus and Mercury had been very troublesome to those 
astronomers who used the Ptolemaic system. Ptolemy’s ingeni- 
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ous way of getting by these hard things by using epicycles was a 
source of great trouble later on, when the observations of these 
and other planetary motions were better made and new irregu- 
larities began to appear. But the Arabian astronomers were 
equalto the task of making these wayward planets obey thelaws 
framed for them, by adding new epicycles for every special case, 
until the system had become so cumbersome and intricate that it 
sometimes became very difficult to find the place of a planet by 
the use of the tables of planetary motion then known. Those 
acquainted with the Ptolemaic system and the tables will not 
wonder that Alphonso, King of Spain, should say of such a plan 
that ‘‘if he had been present at the Creation he would have given 
some good advice.” 
Copernicus readily saw the backward and forward mo- 
tions of all the planets could be explained by the motion of th 
Earth, as compared with the forward motions of the planets 


around the Sun. His simple illustrations of these facts from the 


motions of things about him must have been very satisfactory 
to those of average ability who heard his lectures 
Another thing that must strongly impress the mind of the 


reader in regard to the wisdom of Copernicus was the fact th: 
he seemed to be in no hurry to publish his new theory. He 
doubtless will know that such a step would arouse a storm of 
opposition that might bring him to very serious consequences. 
But he steadily perfected his views of the new system with a de 

gree of faithfulness that well shows the strength of character 
which this noble man possessed. The most prominent defect in 
the Copernican system, which its author was unable to remedy, 
was his belief that the planets moved around the Sun in circles. 
He knew that they were sometimes farther from the Sun than at 
others in a period of one revolution, and to account for this, he 
supposed that the Sun was placed not at the middle points of 
their respective orbits. In this way he made his system pretty 
nearly right according observations of the time, but not ex- 
actly. It was known that this new system was a little in error, 
and in order to remedy these defects Copernicus was obliged to 
resort to the use of epicycles, though comparatively few in num- 
ber were needed. 

He delayed the publication of his new ideas about the plane- 
tary system until well advanced in age, and then only consented 
to have it done through the urgency of friends. While his book 
was being printed, Copernicus became suddenly ill, but he had 
the satisfaction of seeing a copy of it before his death, which oc- 
curred May 23, 1543. 
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The next bright figure in the early history of astronomy that 
should find place among the men of renown is that of Tycho 
srahe. He was born in 1546, a member of a noted family that 
had lived long in Sweden and Denmark. Tycho’s father was a 
man of ability and he held important positions in the Danish 
government to the end of his life. 

The biography of Tycho Brahe has been well written by Dr. J. 
L. E. Dreyer, of the Observatory of Armaugh in Ireland. This 
book appeared in 1890, and those who have access to it will be 
richly repaid in reading it, to learn particularly the important 
part which Tycho Brahe had in reviving the study of astronomy 
in Europe. 

Tycho’s’s early life is unknown except in a few things. He be- 
gan the study of Latin at the age of seven years and he soon ac- 
quired the language sufficiently well to use it in writing poetry, 
which was then thought to be a ‘‘desirable accomplishment for 
a learned man.”’ In 1559, he entered the University of Copen- 
hagen and devoted himself to the study of rhetoric and philos- 
ophy, with the view of preparing himself to discharge the duties 
of a statesman, as his father had done, if he should be called to 
such service. The following year astronomy began to claim his 
attention. It was in August of that year that a total eclipse of 
the Sun took place in Portugal, and, though it was a small 
eclipse, it caught the attention of young Tycho, who had already 
become interested in astrology, which was very common in those 
days. The predictions of that so-called science seemed to him 
very wonderful, but when the eclipse of the Sun just referred to 
‘ame, as it had been foretold, it is said that it struck him ‘‘as 
something divine that men could know the motions of the stars 
so accurately that they could long before foretell their places and 
relative positions.” This fact so impressed the mind of the 
young man that he at once began the study of books that would 
help him to understand how astronomers could do such things. 
One book that he procured was a copy of the works of Pto- 
lemey, published at Basle in 1551. It is said that this copy is 
still in existence in the University Library at Prague and that it 
is freely marked in Tycho’s own handwriting. 

He remained in study at Copenhagen for three years, thence he 
was sent to the University of Leipzig, to turn his attention from 
the study of the stars preferably to that of the law; but in this 
Tycho’s friends were unsuccessful, for he seemed determined to 
devote himself to mathematics and to astronomy, although he 
was obliged to study these branches secretly to avoid known re- 
quirements of those in charge of his education. It soon became 
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ipparent to his tutors that it was quite useless to expect young 


[vcho to follow any other line of study but that which, in some 


Lf 


iseful way, was related to astronomy) 


The reason why Tycho became so much interested in astron- 
ymy at so early an age, we think was chiefly because of the way 
he studied it. In this particular a close study of the early life of 
this man must be helpiul to young people who have scientific pu 
suits in view as alife-work. What he saw as a youth of sixteen 
ears was really the greatest need of the scholars of Europe, in 
relation to the study of astronomy at that time It was the 
need of constant and systematic ob Cl L101 Oo! t he heavenly 
bodies, in order to make correct tables vhich their places 
shonld be found and predicted tor tuture reference. In his study 
of the tables made by astronomers o S ie he could point 
out the errors of the tables and cho¢ rom them the best 

In August, 1563, Jupiter and Saturn were in conjunction, and 
this tact was impo! tant in ASTTOIOLY, ane vch » beg: nat 


ynce to make record of his observations his step seemed to 
him very needful, even if his instruments were rude, and,in noth 
ing else does the real scientific ability of the youth show itself 
more plainly. He was self-taught in this supreme requisite for a 
creat astronomer. The hardest thing that the teacher of science 
has to do, at the present time, is to secure a right habit of keep- 
ing notebooks, in a way to assist the student’s mental activity 
most helpfully. What is drudgery to the average student was a 
self-imposed task and a ceaseless delight to our young hero, as 
he secretly stole night hours from his watchful tutor to observe 
the heavenly bodies and record their places by the aid of a pair 
of compasses when he could get nothing better. Think of the 
hoy, placing the hinge of the compasses at his eye, and then open- 
ing the legs and pointing them to a planet and a near star, and 
in that way getting the angular distance between them. Then 
he could easily tell how many degrees the opening of the com- 
passes showed by means of a circle made on paper having the 
same radius and divided to degrees approximately, by applying 
the open compasses to it. He used this means of observation 
and eve-estimates of star distances for about a year, and then he 
provided himself with a cross-staff, an illustration of which may 
be seen in the hand of Ptolemy, as shown in the cut on page 401, 
of the September issue of this journal. For a description of the 
particular form of instrument used by Tycho, and the way he 
’ 
and following. In May, 1565, Tycho left Leipsic for Denmark, 
but not finding relations agreeable among relatives at home, he 


employed it in observation, see Dreyer’s Tycho Brahe, page 20 
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left Denmark, for a second time, and reached Wittenburg early in 
the following year. The University at Wittenburg was a re- 
nowned institution of learning at this time. Luther had made 
this spot famous, and the death of the scholarly Melancthon 
only a few years before had deprived the University of another 
indefatigable worker in the Reformation. Other men of great 
learning, however, were keeping the reputation of the University 
high. This school was noted for its courses in the mathematics, 
which were deemed very necessary because Aristotle, ‘‘ the nucleus 
and foundation of all science,’’ could not be understood without 
such preparation. Tycho remained at this place only five months 
and then he removed to the University at Rostock, a town in 
Germany. At this place there were several men who were versed 
in astrology, alchemy, mathematics and medicine. The lunar 
eclipse of October, 1566, occurred while Tycho was at this 
place and he used it with some advantage to show his knowledge 
of astrology in predicting the death of the Sultan of Turkey. 
This prediction was not much help to him for it was later learned 
the Sultan had died before the eclipse took place. 

It was at this place also that Tycho came into trouble, which 
led to a duel, the result of which was a disfigured face involving 
the loss of part of his nose. He seems to have been unsettled in 
his plans for study or scientific work for three or four years, for 
he was visiting different places and staying but little time at each, 
and apparently with no definite object before him, while moving 
from one place to another. 

From his study of the various tables of planetary motion and 
his discussions with the authors of them, it became evident to 
him that the astronomy of that day would not be improved un- 
til better instruments were provided, and systematic observation 
undertaken as a means of correcting tables, and increasing know- 
ledge of astronomy generally. The first important step in this 
direction was the construction of a huge quadrant with a radius 
of about nineteen feet. He chose this size because he wished to 
have it graduated distinctly to minutes of arc, that he might 
make measures of angles certainly to the minute accurately, and 
to estimate fractions that were less even with the naked eye, for 
magnifiers were then unknown. When completed it is said that 
it required twenty men to put the quadrant in its place, because 
of its size and weight. Though, at this time, only about eighteen 
years old, Tycho had acquired a good knowledge of the science, 
and a general acquaintance with the scholars of that time. This 
may well be considered as ending the first period of the life of 
Tycho Brahe. 
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THE FUNDAMENTAL LAW OF TEMPERATURE FOR GASEOUS 
CELESTIAL BODIES. 


(1). Historical Statement. It is proposed to discuss a very 


remarkable law of temperature which applies to all gaseous celes- 
tial bodies, and apparently throws a new light upon the processes 
by which the material universe has reached its present condition. 
If this law is somewhat less general, it is even more simple, than 
the law of gravitation; and hence it is highly proper to set forth 
with some detail the steps by which the results indicated below 


have been attained. Asintimated in A. J]. 453, the law was dis- 


covered by me (on May 6, 1898) while occupied with some re- 


searches on the heat of the Sun intended tor Vol. I] 


¢ 
i 


of the ‘ Re- 


searches on the Evolution of the Stellar Svstems;’’ the immediate 


cause of the inquiry being the necessity of explainirg the darkness 
of the companions of such stars as Sirius and Procyon. Having 
lost all manuscript papers by the fire of September 14, 1897, I] 
secured from my friend, Professor Eric Doolittle, of the Flower 
Observatory, a set of notes which he took on a course of lectures 


on the Sun’s heat, given at Chicago in the summer of 1895; and 


in supplying the lost lectures developed the theory of the heat given 
out by the condensation of a heterogeneous sphere. I then recog- 
nized for the first time the full significance of some computations 


which Professor Doolittle had made for ¢«.e in the summer of 


1895. He showed that in the condensation of the solar nebula 


rom infinite expansion very little energy had been generated by 
f finit 1s10n y littl v had | ted by 


the contracting mass until it reached very small dimensions. 
Thus on the hypothesis of homogeneity it appeared that the heat 
produced before the solar nebula came within the orbit of Mer- 
cury, was only one eighty-third part of the total heat generated 


up to the present time; and as this indicated a rapid increase in 


thedevelopment of heat for a given shrinkage of radius, when the 
radius is small, I set for myself the problem to determine how the 
generation of heat varies with the radius of the condensing mass 
Following the method of Helmholtz it is easy to show that if H 
represent the total amount of heat generated by the mass in con- 
densing from infinite expansion, F its radius, and C a certain con- 
stant, we shall have 


dH _ E ] 
dR R } 


From this equation it was plain that the production of heat 
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would become a maximum when W had attaired the smallest 
value consistent with the laws of gaseous constitution. The next 


step was to prove the temperature law Though discovered at 
first by a less direct process, 1t will be found below by an applica- 
tion of the most elementary principles. The simplicity of the tem 
perature law vas s reat to excite astonishment (on apply 

ing it to the . t] ody of the conclusions 
indicated bel | were so startling that I hesitated 
to LOU .* ] | to ascel 

tain if any ) st previous 
Wnvesti tol ( \ O1 

nee ii y ( ¢ I Ss Ili l ! somc 
fifteen : the onomers 1 the United 
State vitl 1uch m the subject; 
and on July 4, s i similar inqt oO 4 Hustrious English 
friend, who o lm uld presut know of such a law if 
anv had been disco, y previor vestigators In his re- 
ply, dated August 12, 1898, this clas authority says: ‘ The 
only investigation which Iecan remember which goes mathemat 
ically into similar questions—though whether such a I: is defin- 
itely stated I do not recollect s the series of papers at some in- 


tervals by Ritter, about ten vears ago in Wiedermann’s Annalen.”’ 

As the gentlemen consulted included several members of the dis- 
tinguished Board of Editors of the Astrophysical Journal, all of 
whom expressed surprise at the simplicity of the result obtained, 
further search for early work on the law of temperature was 
deemed useless. Meantime my illustrious English friend, medi- 
tating on the announcement of July 4, that I had tound a law 
connecting the temperature of a star with its radius, and that it 
seemed to have great significance for Astrophysics, sent a letter 
to one of the editors of the Astrophysical Journal suggesting 
that notice be made in that publication of this neglected work of 
Ritter. In making this review one of the editors found and made 
known to me on December 7, when I was visiting the Yerkes Ob- 
servatory, that Ritter had stated in Vol. XIII of Weidermann’s- 
Annalen a result similar to the one I had recently discovered and 
made known to astronomers. The theorem is there derived with 
a mass of other data, and stated in Janguage, after which the 
author drops the matter and proceeds with other inquiries rela- 
tive to atmospheres. So far as can be learned this result re- 
mained unknown to astronomers and astrophysicists, and it 
will be seen from the above narrative that Ritter’s papers would 
have little chance of being known today but for the letter of 








] L to st S i = 
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' 
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1] a) ( S 

iti it ind | ( 

1876 (i l he og l 

In temperature nd srow h \ 

ter to Lord Kelvin in a c . 

tion the same yveat id it 1) 

afterwards recognized the correctness of 1 us ; ‘ 
and Newcomb It does not appear that { R 

published the law in a mathen fo sO ‘ ‘ 
ascertained it appeared in that form for 1 first ti n A. J 
153. The true historical statement thus seems t 

(1). In stating the great principle of er\ ‘ 
ergy, in a popular address delivered Ix erg 7 
1854, Helmholtz discusses the contractio1 Su 
the source of its heat Phil. Mag., 185t 

(2). In 1869 Lane goes mathemat ( 
gaseous constitution of the Sun and impli s dis 
the temperature may rise; but never publishes | 
erature. Newcomb and Lane confe1 Y is po 
and the result is made known to Lord Kel vhor the 
general conclusion reached by the American astronomers 

(3). While occupied with researches on itmospneres ib ut 


1881, Ritter reaches independently an exact formulation of tl 
theorem and publishes it in a Physical Journal, where it remains 
unknown to astronomers and astrophysicists 
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(4). On May 6, 1898, while occupied with the heat of the Sun 
and with the cause of the darkness of the companions of Sirius 
and Procyon, the writer discovers the law independently, states 
it generally as an exact formula, and derives from it conclusions 
of a far-reaching character. An English friend with whom he 
communicated, is the means of rescuing Ritter’s work from as- 
tronomical oblivion; and the foregoing history of this remarkable 
law is at length brought to light. If further information regard- 
ing the history of this law should be developed, it will be noted 
in a later communication. 
kK 
R- 


a gascous globe of radius RK, and temperature T, to be held 


(11). Dertvation of the Lawof Temperature, T Suppose 


in equilibrium by the pressure and attraction of its particles. 


Let the gravitational pressure per unit surface be P,. Then sup- 

pose the globe by loss of heat to shrink to a radius R: the pres- 

: ; “i 4 ; + 3 — P , 

sure per unit surface will become f [ Rr): The surface of 
\ 


the sphere on which the pressure of gravity is exerted will become 

: eae Xe ‘ : — : 

S S R)° As the pressure per unit surface is increased, while 
\ 

the area of the surface is decreased, it is evident that the pressure 


; R : 
per unit surface will become | P| = [P,] (5 ) . But the density 
\ 


ats 7! ft ie 
of the original mass was o,, and hence we have 6 = 6 Rr): By 
5 3 


hypothesis the equilibrium of the globe is maintained by in- 
ternal heat due to the gravitational shrinkage of the mass. If, 
therefore, the globe was in equilibrium when the mass had a 
temperature T,, to remain in equilibrium in the condensed condi- 


; ae R a : 
tion, JT, must be multiphed by R° As 7k, is a constant, we may 
a 3 
write the law of temperature 
ws kK 
1 R (2) 


This remarkable formula expresses one of the most funda- 
mental of all the laws of Nature. Gravitation applies alike to 
all bodies, gaseous, liquid, and solid, and whether cold or hot; 
the above law applies only to gaseous masses, but as the stars 
and nebulas of space in the main are assumed to be of a gaseous 
constitution, it has apparently the widest application in the 
actual universe. The stars and nebulas are self-luminous, and 
therefore of a fluid and in general of a gaseous nature. Since 
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many of them are at high temperatures, the gaseous condition is 
the one most generally met with among the bodies observed in 
space. 

(111). Temperature of the Diffused Nebulas. The constant K 
is always finite, and hence we see from the above law of tem- 
perature that when R is infinite, T is zero; thus the diffused 
nebulas are near the temperature of space, or approximately 
— 273°C. This may also be inferred from other considerations. 
If such diffused masses were appreciably heated they would soon 
cool off; and, besides, molecules on their outskirts having sensi- 
ble molecular velocities would escape into interstellar space. 
How the light of such masses is maintained is not certainly 
known, but it is probably due to electric luminescence such as we 
observe in the tails of comets, which also shine at a temperature 
approaching the absolute zero. We may therefore suppose the 
diffused and irregular nebulas, as well as the milky nebulosity so 
abundantly scattered over the sky, to be intensely cold. It is an 
impressive fact that hydrogen and nebulium are the only ele- 
ments recognized in the nebulas, and all other elements presum- 
ably present are wholly non-luminous. 

(IV). The Temperature of Stars of the First Class. The stars 
of the first spectral type are admitted to be at the highest tem- 
peratures known. This is inferred generally from the nature of 
the light emitted by these stars, and in the particular case of 
Sirius, is proved by the enormous radiaticn of that body com- 
pared to that of our Sun. Thus, while the mass of Sirius is only 
about twice that of our Sun, its radiation is shown to be forty 


or fifty times the greater of the two bodies It follows therefore 


that the Sirian stars are intensely hot. © ] the abe law of 
temperature such heat can be developed and sucl { 
maintained, only when the radius of t ens S is 
relatively small The Sirtan stars have 
to small bull ] conte 
ph ists, tl 
veal | 1 
; , 

Ss for 2 

S| t 1)¢ 
be explained in some othet 











134 Law of Temperature for Gaseous Celestial Bodies. 


are intensely hot, dense, and subject to enormous gravitational 


press OF. 


(V) Stars of the Second Class. Stars of the second class, of 


which our Sun is an example, are conceded to be at lower tem- 
peratures than those of the first class, and the question arises 
whether their temperatures are rising or falling. The Sirian 
stars are surrounded by dense hydrogen atmospheres, which 
produce the heavy absorption observed in their spectra. As the 
heights of atmospheres of gases of different molecular weights 


under any given conditions are known to be inversely as the 


molecular weights, it follows that when a star is so far con- 


densed that gravity is intense, the outer atmosphere ought to be 


of hydrogen, such as we observe in the Sirian stars. The heavier 
elements in the Sirian stars are pressed down by rea ivity and 
their spectral lines are either faint, or entirely absent Now if 
our Sun had already passed through 1 Sirian stage, and the 
temp tui was falling t hie hydre gen atn sphere hic] had 
Heel ad {tre iem ] e etic ( oO Vity 
1 ! 1 1 } . ( e \ i ti } sun 
ire fairl nlv1 1 LVY \ ( ti iron 
1x | Wit Ol heht ! ce i C1 ind 
helium, we infer that our Sun has not vet passed through the 
Sirian stave of development. The lower temperature of solar 


stars thus indicates an earlier condition than that met with in 
the Sirian stars. 

(VI). Stars of the Third Class. It the above considerations 
be valid, it will follow that the orange stars are at a still earlier 
stage of development than the solar stars. Further considera- 
tions of the spectral classification are reserved for a future com- 
munication. 

(VII). The Sun will eventually become Blue. The secular 
shrinkage of the Sun’s radius will cause a steady rise in its 
temperature, and when the body has reached the stage of Sirius 
it will shine with an intensely blue light, like that emitted by 
stars of the first class. The temperature will go on rising 
tilla small radius is attained, and finally when the dense mass, 
intensely hot, becomes incapable of further shrinkage, from in- 
crease of resistance in the molecular forces, a cooling and lique- 
faction will rapidly take place. A condition of darkness thus 
follows close upon a period of intense brilliancy; and hence the 
darkness of such bodies as the companions of Sirius, Procyon 
and Algol. Here the smaller masses, as in the solar system, have 
develcped most rapidly. 








(VIII) The carth Received More Heat in Geological Times 


than at Present. Though the Sun's temperature will ste adily rise 
as its radius shrinks, the area of its dis li diminish in more 
than corresponding degree. Now the amount of heat received by 
a given area on the Earth’s surface de Is on the size of the 
Sun’s disc, as well as on its temperature Thus, as the size of the 
disc is proportional to the square of the Sun’s radius, while the 
temperature is inversely as the radius,it follows that the heat re- 
ceived by the Earth will experience a secular diminution propor 


tional to the contraction of the Sun’s radius. In geological times 
the Earth was warmer than at present, which in general accords 


with known phenomena 


(IX). Present and Past Temperatures of the Sun. If we adopt 
the efiective temperature of the Sun experimentally determined | 
Wilson and Gray (PahAil. Trans., 1894), whi s about SOOO” ¢ 
we see that when the Sun's radius was is great as at pres- 
ent, the effective temperature, by thi ove law, was about 
LOOO” C;: and when the radtus hac { es s present value, 
the temperature was only 1000° C, ould not fuse the 
more refractory metals Phe foliow t shows the cttective 
temperature of the solar nebula wl texte ed the several 


planets: 


Present solar surface SOOO? © 
Mercury 32 
WEBB: <i .ccccese 3 
Earth : 1 
Mars 
Jupiter 
Saturn 


ele 


l ranus........... ae ni : 
Neptune........ acataad 7 i l 

The excessively low temperatures of the solar surface when it 
reached the orbits of the several planets must excite our aston- 
ishment. The temperature was always much below zero, and 
the density of the mass necessarily very small. 

It is worthy of remark that as the present density of the Sun 
is about 1.4, a contraction to one-half its present radius, which 
would give a temperature of 16,000° C, if the mass still remains 
gaseous, would make the density about 11.2; further shrinkage 
under gaseous conditions is hardly conceivable, and hence it is 
probable that the temperature of the Sirian stars is from 
10,000° C to 20,000° C. 

(X). The Internal Temperature of the Earth. As the lunar- 
terrestrial mass was very cold (— 233° C) when separated from 
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the Sun, it follows that what heat we observe in the interior of 
the globe, must have arisen from the shrinkage of its original 
volume. We do not know the diameter of the nebular Earth, 
but it is very unlikely to have exceeded the dimensions of the 
lunar orbit; and with this rough approximation, it is difficult to 
see how the internal temperature of the Earth can have ex- 
ceeded something like 1000° C. Moreover, it probably does not 
increase after a certain depth has been reached, but then remains 
essentially uniform throughout the interior of the globe. Con- 
trary as it may seem to old theories like those of Laplace and 
Poisson, there is no evidence that the temperature of the Earth 
ever surpassed the melting point of lava and of the more refrac- 
tory rocks. The retention of the terrestrial atmosphere is direct 
evidence that the primitive heat was very moderate. This re- 
sult will have no slight bearing on the theories of geology. 

(XL.) Temperatures of the Great Planets. As experiments 
upon the secular shrinkage of great masses cannot be made in 
our laboratories, it is fortunate that the solar system offers to 
our observation large as well as small planets of approximately 
the same absolute age. We find the smaller planets, such as the 
Earth, Venus, Mars and Mercury, already solid, while the great 
planets, Jupiter, Saturn, Uranus and Neptune, are apparently 
still gaseous if not actually rising in temperature. The law of 
temperature shows that if bodies like Jupiter and Saturn are 
gaseous they have not been hot in the past, but may become so 
hereafter. There is some spectral indication of inherent luminos- 
ity in Uranus, and hence all the great planets are probably still 
rising in temperature. As the temperatures of these masses were 
originally near the absolute zero of space, we are not to think of 
them as cooling, but rather as having slowly heated up ever since 
their separation from the solar nebula. The inferences of Kant, 
Zouner and Proctor, as well as the original assumption of La- 
place, are wholly unauthorized. It is possible, and perhaps even 
probable, that some of the great planets, especially Jupiter, may 
eventually become self- luminous. 

The excessively low temperatures given in the foregoing table 
show that the matter which formed the planets must have been 
essentially solid when these bodies were sepal ated from the solar 
mass. If, on the one hand, these considerations indicate how 
little is known of the real process involved in the formation of 
our planetary system, tl 


ey point the way, on the other, to lines 
of inquiry which future investigators should follow. 


(XII). Conclusions. It is somewhat remarkable that while 














the law of gravitation causes bodies to describe conic sections, 
the law of temperature for every gaseous body is represented by 
a rectangular hyperbola referred to its asymptotes, and thus by 
iN 
R 


apparently has the widest significance, and should be taken ac- 


a particular curve of the same general species. The law T= 


count of in future researches on the temperatures and relative 
ages of the stars. The interpretation of spectral phenomena 
should at least conform to tle more fundamental laws of gravi- 
tation and of temperature. In view of the undoubted high 
temperature of the Sirian stars, it is not possible to deny that 


they are shrunk to small bulk. Nothing could be more unwar 
ranted than to connect such hot objects with the cold nebulas 
which shine by some process of electric luminescence The nature 
of the temperature-curve leads one ) hink that the co ling 
stage of a star's life will be very sl { ippre tely the time 
required for such a hot globe to coo en t S ce of heat 1s 
removed and the mass 1s allowed to diate without shrinking 
which is to be reckoned at mos 1! i¢ es or Cé turies rather 
than in millions of years 

In view of the diversity of opinion already held by distin 


guished astronomers, and the indifference with which new 
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theories are usually received, it will be understood that the sug- 
gestions here thrown out have not been made from any mere 
love of novelty. It is hoped that some progress can be made in 
a future paper towards reconciling known spectral phenomena 
with the fundamental law of temperature.—Vhe Astronomical 
Journal, No. 4.55. 
CAMBRIDGE, Mass., 
1899, January 22. 


THE VARIABLE STAR 7792 SS CYGNI.—SECOND PAPER, RE- 
‘ SULTS FOR 1897 AND 1898. 
J. A. PARKHURST 
For POPULAR ASTRONOMY 
In PopuLtar Astronomy for May, 1898, I have given some of 


the results of observations of this variable between December, 
1896 and February, 1898. Since that time a considerable atten- 
tion has been paid to the star and notable advances have been 
made in our knowledge of its variations and our interest in it 
has correspondingly increased. The reasons for this interest are 
numerous and evident. First: this star and U Geminorum, are 
the sole known representatives of what has been called the “U 
Geminorum type,’’ characterized by quiescence at a faint magni- 
tude for two-thirds to three-fourths of the period, a sudden rush 
to maximum, rising three of four magnitudes in a day or two, 
followed by a slower decline to normal light, these times of ac- 
tivity following each other at very irregular periods, refusing, at 
least till now, to conform to any law. Dr. Hartwig has sug- 
gested that in their rapid rise to maximum this type formsa con- 
necting link between the ‘‘new stars’’ and the ordinary long 
period variables. But U Geminorum is situated so near the 
ecliptic that one or two maxima each year are almost always 
lost in the Sun’s rays, and furthermore it becomes too faint to be 
followed by ordinary telescopes, so that our knowledge of its 
variation is necessarily fragmentary. On the contrary, every 
maximum of SS Cygni can be observed, and it can be followed 
through its normal light with a three-inch glass. Therefore 
most that can be learned of this type of variables must come 
from SS Cygni. 

In seeking an explanation of its light changes, Mr. H. M. Park- 
hurst has suggested to me that the star which we see during the 
active periods is not identical with that which furnishes normal 























light. The sharp bend in the.ligl y 
and end of the active period, lends a show yf reason to this idea, 
and if the maxima are found to follow « ther according to 
some law, an eclipse hyp ythesis would | t | most simple and 
plausible In what follows, an approach to regularity of varia 
tion will be shown, and if this is co med iture axima we 
will have to consider at least a triple sy ! vith astonishing 
rapidity of revolution and corresponding] irge perturbations 
In color, this variable 1s decided bluer than the neighboring 
DM. star, 42°,4190, thus approximating 1 t spectral type I, 
and allying it with the variables of the Algol type, whose changes 


are explained by the eclipse theory 


Much attention has been paid to 1 in the last ve 
about 600 observations having € \ Ica In the 
report of the Director of H rd rvatory tor the 
« i . Ait 1 . ‘ pt AS) i ! ‘ | 
Wend roton P 
i ies ) ) l 1 lctro 
r)/ ] la Pi] )] Ofte ( >| 
} S ¢ { « 

p S O 

Mtitiss »y reckon the 70 3) S ting 176 
complete measures In the same report are noted 430 observ 
tions of this and two other variables b Ir. Waite lt equally 
divided we may assign 130 to SS Mr. I ». Seagrave, of Prov- 


idence, R. 1., has kindly sent me 71 observatio s, on 39 dates in 
1898. All the above will be published in the Harvard Annals. 
| 

Che observations in the accompanying list, similar to those re- 
ported in my first paper, were made between Feb. 23, 1898, and 
Jan. 28, 1899, by the following observers 

Ziccheus Daniel, Hawthorn, Penn., 4-inch refractor, 131 obs 

W.E. Sperra, Randolph, Ohio, 3-inch retract «r, 11 obs 

J. A. Parkhurst, Marengo, Ill., 6-inch reflector, 74 obs. 


in all 216, which with the 377, more or less, from the Harvard 
report, makes a total of 593 in America, to say nothing of the 
attention the star has received in Europe. When the Harvard 
observations are published, and it is hoped they will not be long 
delayed,a very thorough and exact knowledge of its changes can 
be had. 

The observations here reported were made by Argelander’s 
method, and reduced with the same light values of the compari- 
son stars asin 1897. The corrections made to the observations 


of 1897, to reduce to the same light scale, have not been ap- 
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plied, their small values, 0.01, 0.02 and 0.03 of a magnitude, 
making them of no practical significance. For the sake of com- 
pleteness, the light scale is here repeated, and the charts, from 
PopuLAR AsTRONOMY IV, 446 and V, 271, which show the posi- 
tions of the comparison stars. 


Well’s Variabte in Cygnus, 
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COMPARISON STARS FOR 7792 SS CYGNI. 
R. A. 215 38™ 465.2, Decl. + 43° 7’ 35’, (1900) 
Co-or. from V. Co-or. from V. 

R.A, Decl Mag. R.A, Decl. Mag 
k+ 1 0.9 12.4 p+ 195 + 64 10.54 
h—- 80 3 1181 n 7.6 woe 10.51 
o+ 3.8 + 5.4 11.58 a 21.3 1.0 9.43 
gq — 65.1 53 11.44 c + 0.3 t 8.0 9 27 
g 30.7 2.4 11.41 z 55 4 1. 27 9.07 
m 5.9 4.2 11.30 bh 27.0 0.2 8 46 
e 34.8 07 10 86 J +123 8.7 7.92 
d 14.5 1.4 10.55 (f+ 60 + 28 8.91) 


The last star on the list was used only by Mr. Sperra, and his 
magnitude estimate is given. Following are the reductions to 
Professor Pickering’s photometric scale: 


M 
I 
- 
The table Pe, ee ee ne . 1) ‘ tees 
le tabie of obs¢ ed magnitudes 1s self expt ory, excep 
that acolon follows the magnitude where the obs« ition was 


especially doubtful or difhieu 








J. A. Parkhurst 


TABLE I1.—OnsERVED MAGnirvt 


Zaccheus Daniel, P ] 
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TABLE I.—CONTINUED 
) Wa vi ( ) 
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14 i | 
The observati ) I cover the interval bet n SYS 
Feb. 23, and 1899, ] When platted they show that the 
lizht curves res ssely those of 1897, the maxima being 
clearly divided into the two types, which have been termed the 
“longe’’ and the ‘short, milar to those of U Geminorum. 
. ] 1¢ } ’ 4 aan 2 
In Table II the results tor both years are collected in order that 


the relation between the quantities may beseen at a glance. The 
first columncontains thecurrent number of the observed maxima 
From column two appears the important fact that the long and 
short maxima follow each other in pairs in the same order, if 
the first two are excepted, in which the order is reversed. In 
seeking for a regular period the two types of maxima are con- 
sidered separately, and as the first two will not conform them. 
selves to the order of the rest, the third and fourth maxima are 
chosen for the zero epochs, which are numbered separately. 

The 3rd, 4th, Sth and 7th columns give the Julian dates of the 
various points in the curve omitting the first three figures, 241; 
the calendar date being also given for the maximum. Column 4, 
headed 7,, gives the time of passing 9".35 on the rise. This time 
is chosen for the foundation of what follows, for these reasons; 
if any observations are secured during the sudden rise of the 
star to maximum, some point in this rise will be the most ac- 
curately determined of any point in the whole cycle. Following 
a suggestion of Mr. H. M. Parkhurst, the mean ot the magni- 
tudes of the comparison stars a and c, 9" 35, was chosen as the 
reference point, and it has been found that this point can usually 
be determined within one or two-tenths of a day, while the times 
of maxima are often uncertain by ten or twenty times that 
amount. Therefore in the work which follows this time, called 
T,, is used in the reckoning, unless otherwise expressly stated. 
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TABLE I] RESULT I M is i : 4 1899 JTANUA 


i 
) | t 
s 4 , > j 
) sho £560 13 } 32 
10 mer u £427 +4 20.1 $447.4 
12 
11 $ (short £490 $491.4 1492.5 11 $501.0 
12 1 (long) 1537 L538 4 154.2 6 19 1556 
18 
N 1 ) 
13 5 (short) L604 0 L605.1 t607.0 11.1 $615.1 
$5.7 
iQ | 10.5 
14 5 (long) 1660.8 LG6L.8 1665.5 18.4 1679.2 


The different maxima of each type resembled each other so 
closely that normal curves were formed from the observations in 
Table I, by finding for each observation the quantity 7, the in- 
terval in time before or after the 7, of the corresponding maxi 
mum. Daily means were formed of the 7’s and the correspond 
ing magnitudes, giving Tables III and I\ 
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Figure 1 shows the light curves drawn from the normal points 


in Tables III 


and 


EW, 


At the beginning of the rise the same 


sharp bend in the curve appears as in the 1897 curve, with the 


same rate of rise to maximum. 


The crest of the wave for the 


short maximum occurs at 1.6 days after passing 9".35, as com- 


pared with 1.7 days in the 1897 curve. 
imum is 8.5 in each case. 


The magnituce at max- 
After passing the maximum the short 


curve falls in more nearly a straight line than in 1897, reaching 


normal magnitude at 


10.1 days, 1 day earlier than in 1897. 


In the curve for the long maximum the general agreement with 


1897 is better, but the normal points accentuate the minor fluc- 
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tuations in light more than in the previous year. The principal 
maximum occurs at + 6.0 days, at 8.4 magnitude, with a de- 
cided halt in the decline from + 8 to + 9 days and another halt 
at +12days. If these fluctuations are smoothed out the curve 
coincides closely with that for 1897. In the case of both maxima 
the same sharp bend in the curve is shown, where the descending 
branch joins the line of normal light. If these sharp turns are 
confirmed by other observations, they will amount to an ocular 
demonstration of the presence of two bodies in the system, one 
constant in light. 

From Table II it will be seen that at the long maxima, the 
star remains above normal light from 18.4 to 20.1 days, mean 
19.4 days. Atthe short maxima the extremes are 11 and 13 
days, mean 12.2 days. 

An investigation of the constancy of the star during the 
periods of normal light, led to the same result as in 1897. Six 
such periods are covered by the present set of observations, be- 
tween the maxima of 1898, Jan. 21, and 1899, Jan. 10. As 
these periods, with one exception, were about 45 days long, they 
were divided into intervals of 5 days each, arranged according 
to the time elapsed since the beginning of the period. Combin- 
ing into one mean the magnitudes in the like numbered intervals 
in each of the six normal periods, we have the following results: 


Interval. Mean Mag. Interval. Mean Mag 
I 11.42 6 .36 
2 35 7 39 
3 -40 6 -43 
4 37 9 11.44 
5 35 


*3 
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The mean of all is 11.40, that of intervals 1 to 4 is 11.40, of in- 
tervals 6 to 9 is 11.405. No systematic variation in light can be 
deduced from these figures, the fluctuations from the mean aver- 
aging only 0."03, so we may conclude that the star is constant 
in light during the normal periods. 

The most interesting part of the discussion of the results of 
Table II, relates to the period of the variation and the possi- 
bility of predicting future maxima. It will be noticed at the out- 
set, that in addition to the uniformity of duration of the active 
periods, the duration of normal light following the long maxima 
is quite uniform, these periods averaging 44.8 days in length, 
and the separate deviations from the mean averaging only 1.5 
days. Therefore it seems safe to predict that a long maximum 
will be followed by a period of quiescence about 45 days in 
length. On the contrary, the periods of normal light following 
the short maxima are quite irregular, varying from 22 to 45.7 
days, averaging 37.1, with a mean uncertainty of 6 days which 
may rise as high as 15 days. This method of prediction is there- 
fore very unsatisfactory and a better one must be sought. 
Fortunately this is found in considering the two types of max- 
ima as separate phenomena, plainly shown by the light curves to 
arise from a different set of causes. 


) $0 39.4 $039.0 
106.4 108.8 

I 4145-4 4147.8 2.4 
(14.1 111.0 

2 $259.5 $255.9 1 0.6 
110.5 113.2 

3 4379-0 1372-1 a 
[21.4 115.4 

4 1491.4 4457.5 + 3-9 
113.7 117.6 

5 4605.1 $005.1 0.0 

6 4724.9 

7 4846.9 

S $971.0 

Qg 5097-4 


Looking at the matter from this standpoint, the first striking 
fact is the regular alteration of the two types of maxima, the 
two in each set occurring in same order, with the exception, al- 
ready noted, of the first two, in which the order is reversed. 
When the complete theory of variation is stated, perhaps the 
reason for this reversal will appear, but for the present discus- 
sion they will be omitted, and maxima No. 3 and 4 will be taken 
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for the zero epochs of the short and long types, respectively. 
Extracting from Table II the data for the short maxima, the 
epoch number and the time 7,, we have in Tables V and V1, be- 
sides the observed times and intervals, the computed times, ac- 
cording to the elements whose derivation will be explained later 


TABLE VI.—LONG MAXIMA 


115 
11 
II 
1 
I 
1 
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type of maximum, combined 
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Pried in May a 


value. Taking the ordinary 
form of equation to represent 





uniformly increasing periods, we 





have for the short maxima— 
A) Maxima epoch = 4039.0 + ak + bE 

and for the long maxima, 
B) Maximum epoch = 4080.4 + aE + DE 


in which E represents the epoch number and a and / are the un- 
known coefficients. Substituting the values of E from Table V, 
we have the 5 equations of condition— 
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) 4145.4=—4039.0+ ac b 
2) 4259.5— 4039.0 + 2a+ 4b 
3) 4370.0 = 4039.0 + 3a+ 9b 
4) 4491.4 = 4039.0 + 4a + 16b 
5) 4605.1 = 4039.0 + 5a + 25b 


Solving these equations by the ordinary methods of least 
squares, we have for the values of the coefficients— 


p= 267.745. ==. 5.085, 
hence the equation A) reads— 
C) Short Maxima epoch = 4039.0 + 107.745E + 1.095E? 


Proceeding in a similar manner with the date in Table VI, we 
have 


D) Long Maxima epoch = 4080.4 + 112.58E + 0.74E° 


These uniformly increasing periods are represented in Fig. 2 by 
the inclined line PP for the short maximum and P’P’ for the long. 
These lines are platted from the computed intervals in Tables V 
and VI. In these tables the column headed “Comp.” is found by 
substituting the values of E in equations C) and D), and the 
column headed ‘“O — C”’ contains the differences between the ob- 
served and computed dates. 

Crn oa i hesiduats That these residuals are not ac- 

a a “4 s cidentally distributed Is shown 
graphically in Fig. 3, where the 
< || | | /\\ | quantities O—C from Tables V 
| and VI are platted, the broken 
ie aaa ft 4 { \ | line representing the residuals 
iY | tim \ from the long maxima, the con- 


ne < 


‘ | fi tinuous line those from the 


+. 
& 
ul ' | ; - ‘ 
im j 7 ria mee short maxima. It will be seen 
-— 
| | 


Anidun ta an Aan 


7 
| 
i$ 
, i once that the relation be- 
| 


tween these residuals is such 
that their sum is always nearly 
zero, being a, orgy + @.1. 

Sans eas, nee — 0.7, + 0.9, —0.3, 0.0. That 
this should arise from accidental causes and betrue’ for five 
successive epochs for two different types of maxima, is al- 
most beyond belief, therefore it seems a reasonable conclu- 
sion that the light changes of this variable are caused by some 
forces acting according to regular laws, which perhaps can be 
definitely stated when the star has been observed a few years 
longer. 
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The residuals shown in Fig. 3 can be represented in the ele 

ments by sine terms of the form 
csin(d°E + f 

but the star must be observed through many more epochs before 
the coefficients of this term can be found with accuracy 

In No. 3390 of the Nachrichten is published an observation of 
this star by Professor Tiele, at Bonn, 

1869 Nov. 12, 8".6, 

when it was evidently near maximum, but the elements given in 
equations C) and D) are not sufficient to reckon back to 1869 
for in that interval the quadratic term becomes larger than the 
first power term, and the period would have passed through the 
value zero. It must be confessed that the introduction of a 
quadratic term in the elements is merely a temporary expedient, 
since the probability is that the period will eventually be repre- 
sented by cyclical terms. When the Harvard photographs, from 
which the variation of the star was discovered, are examined 
and the results published, it is likely that the present elements 
can be corrected, and thus the period carried back to 1869 and 
very accurate elements deduced. 

In Tables V and VI the computed dates are continued throug! 
the year 1899, giving the following ephemeris 


Short Maxima I 


Epoch 7 i 
6 1899 Mar. 11 1899 May 7 
7 July 11 Sept. 6 
~ Noy. 12 1900 Ja s 
9 1900 Mar. 18 


It must be borne in mind that the above dates, 7., represent the 
time of passing 9" 35 on the rise, according to the elements in 
equations C) and D), and are subject to correction by quantities 
comparable with the “O C’’ in Tables V and VI Whether the 
star will follow this ephemeris or suffer anc r reversal of the 
order of maxima, time alone will tell 
MIARENGO, IIL., 
1899, Feb. 11 


THE PERFECTION WITH WHICH GREAT TELES(¢ PES ARI 
MOUNTED. 


rE POPULAR \ rROS M 


The first equatorial of importance which was provided with a 


clockwork was the great refractor of the Dorpat Observatory 


This telescope was put into the hands of Struve in the year 1824, 
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and was the most perfect optical instrument then in existence. 
Struve, in a letter to Mr. Francis Bacon, said of it, ‘‘I stood as- 
tonished before this noble instrument, undetermined which to ad- 
mire most,—the beauty and elegance of the workmanship in its 
most minute parts, the appropriateness of its construction, the in- 
genious mechanism for moving it, or the incomparable optical 
power of the telescope, and the precision with which objects are 
defined.”” When there are now 124 refractors of an aperture as 
great as 12 inches, and 35 of as great an aperture as 18 inches, it 
is difficult to realize that the telescope of which Struve spoke so 
highly, and which was the greatest refractor the world had then 
seen, was but 9.43 inches in aperture, and of a focal length of 14 
feet. It is well to observe, however, that the outcome of eleven 
years of observations with so small a telescope was the magnifi- 
cent Mensurze Micrometrice. 

When the Dorpat refractor was erected, there were three princi- 
pal styles of mounting in use. In the first two, the polar axis 
was nearly or quite as long as the telescope and was supported 
at both ends, the middle of the tube of the telescope being at- 
tached to the polar axis nearly midway between the two sup- 
ports. This mounting, though inconvenient for most purposes, 
could be made very stable. The third style, in which the polar 
axis 18 comparatively very short and rested upon a single pier, 
was the one adopted at Dorpat, and is the one now generally in 
use. 

If the figure of this instrument be consulted, (see the Encyclo- 
peedia Brittanica, Vol. XXIII, page 148), it will be seen to resem- 
ble in general form the refractors with which we are familiar. 
The clock mechanism, however, looks to us very crude, and the 
systems of counterweights and friction rollers are quite unlike 
those of a more modern telescope. 

The driving circle in the older telescopes was so small that a 
small freedom of motion of the screw in the teeth resulted ina 
large freedom of the telescope in right ascension. This, and the 
imperfection of the clockwork also, must have been a frequent 
cause of annoyance. Even in the 15-inch Poulkova reiractor the 
slow motion in right ascension was so defective that Otto Struve 
was accustomed to make the bisections on the middle wire by 
pushing the whole tube slightly with his finger at the proper in- 
stant. Clamping the telescope in declination, also, was so incon- 
venient that the measures were usually taken with this motion 
entirely free. 

The telescope at Poulkova was very similar to the one at Dor- 
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pat. The only important change was the substitution of astone 
for wooden pier, which was done at the suggestion of Otto 
Struve. Adetailed description of this instrument will be found in 
Chauvenet’s Astronomy, Vol. Il. The inconvenient position of 
the declination microscopes is evident from the figure there given. 
The handle shown for regulating the motion in right ascension 
was found to very injuriously affect the rate of the clock. 

These two celebrated instruments are here referred to as they 
were the most perfect ones of their time. The annexed plate 
represents an eighteen-inch equatorial by Brashear, mounted by 
Warner & Swasey. This telescope has been in use for two years 
and has proved more than satisfactory. The flexure of the vari- 
ous parts is exceedingly small, and its rigidity is such that it has 
retained its adjustments in a wonderful manner. It is difficult to 
see, also, how the convenience of operating it could be increased. 
The telescope is moved so easily that the whole labor of setting 
on astar occupies but a few seconds. So perfect are the means 
by which the bearings are relieved of excessive weight, and so 
completely does the employment of ball bearings eliminate the 
friction, that a pressure of two ounces is sufficient to freely move 
the telescope in any direction, and this notwithstanding that the 
moveable parts weigh 5000 pounds 

The setting upon an object is accomplished as follows Phe 
telescope is first set in declination by the microscopes, A, running 
along the side of the tube. These read on a German silver circle, 
B, which is illuminated by a small incandescent electric lamp, C. 
Thekey tor turning these lights on is within easy reach of the ob- 
server, at D, as are also the handles for slow motion in right as- 
cension and declination. The hour angle is turned off from the 
floor by means of the wheel, H, the exact reading being obtained 
with the microscopes, M, which read on a small circle, kK. The 
lights for illuminating this circle are turned on with the key, D'. 
In observing double stars which follow one another closely in 
right ascension, it is possible to set with sufficient accuracy by the 
coarse circles, E, about the polar axis. These can be seen from 
all parts of the room, so that from a prepared list of stars one 
can sometimes observe for two hours, or longer, turning from one 
star to another, without leaving the observing chair. 

The motion in hour angle has been found to be regular and 
satisfactory; there does not seem to be the slightest oscillation, 
such as sometimes causes trouble in large telescopes. The clock- 


* It is said that a mere touch of the finger is sufficient to set the great tele- 
scope at Mount Hamilton in motion. 
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work is driven by a weight, and communicates motion to the 

telescope by means of a rod, E, through a screw, S, to a large 

circle underneath the copper sheathing, J. (The wheel seen at L, 

is connected with H for purposes of setting.) The clockwork will 

run about three hours, and since the first adjustment by means 
of the eccentric governor balls, has required no more attention. 

The telescope rests on a masonry pier laid in cement. The pier 
is in the form of the frustrum of a pyramid, of which the base is 
14 feet by 11 feet and the top 7 feet by 4 feet 8 inches. It is sunk 
to a depth of ten feet below the ground and rests on a friable 
sandstone. The top is ten feet above the ground and is capped 
by a stone twelve inches thick. On this stone (a few inches below 
the floor of the observing room) rests the whole mounting, 
whose weight is 14,000 pounds. Yet so solidly has the whole 
been built that the deflection of the polar axis during two years 
of settling is almost inappreciable. 

There are eight errors of the instrument which were determined 
Six of these are absolute errors, (of flexure, graduation, etc.), 
and the remaining two are errors of position. The errors 
were determined on four dates, extending over two years; the 
number of stars observed on the successive dates were 18, 28, 30 
and 40 respectively. The mean values of five of the errors were 
as follows: 

(1.) Theerror of the polar axis from perpendicularity with the declination axis 
was — 2°.28 + 2°.12. 

(2.) Theerror of the line joining the center of the object glass with the micro- 
meter thread trom perpendicularity with the declination axis was 
tr 2°.03 + 2°.88. 

The large probable errors indicate that these first two errors 
are too small to be determined from the cbservations made. 


(3.) The index error of the hour circle varied from — 8*.24 to — 11°43. Proba 
ble error OF.22. 

(4.) Theindex error of the declination circle varied from + 1’ 57” to 2’ 44”. 
Probable error 2” O08. 


(5.) The flexure of the polar axis was inappreciable. 


The direction of the polar axis is determined 


~_ 


yy two cbordin- 
ates, and 7. Were the adjustment perfect, the axis produced 
would meet the celestial sphere in a point which would exactly 
coincide with the north pole. Let the actual distance of the point 
west of the pole be 7, and its distance above the pole be &. Let 
also e be the flexure of the telescope tube. The results from the 
determinations of these quantities are the following : 
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PLATE VI. 














FLOWER OBSERVATORY EQUATORIAL TELESCOPE, 18 INCHES 


APERTURE. 
(Optical work by Brashear; Mounting by Warner & Swasey.) 


POPLLAR ASTRONOMY, No. 63. 
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7] : e 

1896 Nov. 8 + 49.01 13.18 + 11.08 
1897 Feb. 18 + 33.01 1 17.04 1 99] 
1897 Aug. 28 + 28.85 + 17.10 + 13.13 
1898 Dec. 14 6.65 + 96.45 + 14.66 


The polar axis thus appears to be somewhat steadily moving 
with reference to the pole of the heavens. The cause of this pecu- 
liar progressive motion is unknown, but its smallness is surpris- 
ing. The whole motion corresponds to a deflection of but one 
one-hundredth of an inch in the polar axis, and the values of e in- 
dicate that a tube 27 feet long, carrying a lens of 100 pounds 
weight at one extreme erd and counterweights at the other, only 
deflects 0.018 inches when horizontal. When we consider the 
height of the pier and the enormous weight which it supports 
these results seem almost incredible, but they are the only infer- 
ence possible from the observations. 

THE FLOWER OBSERVATORY, 

January 30th, 1899 


NOTICE CONCERNING NEW OBSERVATIONS OF THE OTTO 
STRUVE DOUBLE STARS. 


W. J. HUSSEY 


Early in the history of the Pulkowa Observatory a plan of 
work for the meridian circle, afterwards materially modified, con- 
templated the exact determination of the places of all stars of 
the Northern Hemisphere to the seventh magnitude, inclusive 
Atthat time there was no complete list of such stars, and toform 
one, giving their approximate places, was the first step in this 
piece of work. The formation of this preliminary catalogue was 
undertaken by Otto Struve. With the help of two assistants, he 
made the necessary observations, with the 15-inch refractor, be- 
tween August 26, 1841, and December 7, 1842. In this short 
interval he examined with the finder of the large telescope every 
portion of the sky north of the celestial equator, and selected the 
stars (about 17,000 in number) to be included in the catalogue 
Each one selected was brought to the center of the field of view of 
the large telescope, and its approximate position was obtained 
by noting the time and the readings of the hour and declination 
circles; at thesa:ne time it was carefully examined, tosee whether 
it was double. This examination resulted in a list of 514 objects 
known, or thought to be, double or multiple, and new to science 
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In this list, the distances between the components were all to be 
less than 32”, and the magnitude of the principal star, or, in the 
-ase of close doubles, the combined magnitudes of the two, did 
not descend below 7.8. As companions, all objects at distances 
less than 16”, and bright enough to be readily measurable with 
the 15-inch telescope, were admitted; while for distances between 
16” and 32” the limiting inferior magnitude of the companion 
adopted was 8.9. 

This list of double stars, discovered at Pulkowa, was first pub- 
lished in 1843. Between this time and 1850, sixteen additional 
pairs were discovered, and were included in the second edition, 
published in 1850, under the title ‘‘ Catalogue revu et corrigé des 
étoiles doubles, decouvertes 4 Pulkowa.’’ Subsequently other 
discoveries were made, increasing the list to a total of 547 
objects, which are now known as the Otto Struve double stars, 
or as the double stars of the Pulkowa catalogue. They are de- 
noted by the symbol (2. 

Many of the 17,000 stars of the preliminary catalogue were 
examined under poor atmospheric conditions. On this account 
a large number of important pairs were overlooked, and on the 
other hand a considerable number of stars were admitted to the 
list of 514 which were of a very doubtful character. A careful 
examination of these under better atmospheric conditions led to 
the rejection of 106 of them, either on account of their being 
single or having distances surpassing the limits adopted, or hav- 
ing companions too faint for exact micrometric measurement 
with the 15inch telescope, or because of clerical errors in the 
readings or records, due in part, perhaps, to the notation em- 
ployed in the formation of the catalogue. These 106 stars were 
omitted in the second (1850) edition of the Pulkowa catalogue, 
and are known as the Otto Struve rejected stars. 

Volume IX of the Pulkowa Publications contains the double- 
star observations made by Otto Struve during a period of thirty- 
seven years, from the establishment of the Pulkowa Observatory 
in 1839, to 1875. A section of this work is devoted to the 441 
Otto Struve stars not rejected, and contains about 2,080 obser- 
vations of them. Nearly all these stars were first observed in the 
three or four years immediately following 1843. After the be- 
ginning of 1852 only about half of the stars were observed, after 
1860 less than a third, and after 1870 less than one fifth. 

A second series of measures of equal importance was made by 
Baron Dembowski bet ween 1865 and 1878. In spite of thesmall 
size of his instrument (71% inches aperture) he succeeded in ob- 
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taining excellent measures of all but the most difficult of these 
stars. Out of the 547 objects enumerated in the Pulkowa cata- 
logue, he measured 432, making altogether 2,155 observations 
of them. 

* These are the only large, and in a measure complete, series of 
observations of these stars that have been published. Certain 
of them have been observed many times by different observers. 
These are, in general, those which have proved to be binaries, 
and those which have shown sufficient motion to make it de- 
sirable to have a fairly continuous series of measures of them. 

Early in the present year, I began to measure the Otto Struve 
stars for the purpose of obtaining for this epoch determinations 
of the relative positions of all of them that are given in Vol. IX 
of the Pulkowa Publications. I subsequently added to this list 
such of the rejected stars as were measured by Dembowski, and 
some others which Otto Struve rejected as single, but which 
other observers have since found to be double. The observing 
list, as thus made up, contains nearly five hundred stars, and it 
will require some 1,700 or 1,800 observations to obtain com 


plete sets of measures of all of them 


The conditions have been favorable fot e prosecution of this 
nece of work. During the past eight mont I have made about 
1,350 observations of 414 different stars Three hundred and 
forty-one stars have been observed on 1 e or four nights each, 
and are regarded as finished. It is the plan to continue the work 
until, in general, each star has been measured on at least three 


lifferent nights. 

Most of the observations are being made with the 12-inch 
telescope. <All dificult pairs are, however, measured with the 36- 
inch refractor. Measurements are made only on nights when 
the conditions are favorable for securing good results. 

The following notes relate to some of the stars that I have 
found of interest: 

The observations of OX 283, by Otto Struve and Dembowski, 
give rather discordant distances. I attempted to measure it 
with the 12-inch telescope, but found it difficult to obtain satis- 
factory measures of distance with that instrument. On ex- 
amining it with the 36-inch refractor, I found the faint star a 
close double; distance, 1”.27; magnitudes, 1112 and 12; and the 
line joining them makiny an angle of about 10° with that which 
connects the principal star with the brighter of the faint compo- 


* Madler also measured many of these stars. 
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nents. With this configuration, it is probable that the presence 
of the fainter companion, by reason of its not being clearly seen, 
has an influence on the distance measures made with small 
telescopes. 

Some months ago, I found O2 341 single (see these Publica- 
tions, Vol. X, p. 121,) whereas the observations from 1845 to 
1886 had seemed to indicate that the two components were rela- 
tively fixed at a distance of about 0”.4 or 07.5. A recent ob- 
servation, 1898, 707, shows an elongation 0”.09, and a change 
of quadrant, 254°.3. The smaller star has already passed peri- 
astron, and an increase of distance may now be expected. 

While observing OZ 351, I discovered the south component to 
beaclose double, of whicii I have made the following measures:— 


ISOS. 


72 206 rr. 29 
72 309°.9 


5 33 
5902 307 cO O .30 
595 312 .9 O .32 
707 300 .9 » .36 
ISQS.62 210°.0 0"".34 


The north star A is decidedly brighter than B, though less 
bright than B and C combined. These considerations reverse 
the quadrant of the O pair as given by previous measures. 
The Otto Struve pair has a distance of about 0’.6, and its com- 
ponents have shown no certain motion. In a private letter, 
Professor Burnham states that he can recall no other instance of 
three stars so close together. I have, however, more recently 
found another case. It is that of O2 476 

The north component of O2 476 is a very close double. My 
measures are as follows:— 


In this case the Otto Struve pair has a distance of 0’ 54 and 
has shown no motion 

I have looked very carefully for OS 546 on several occasions 
with both the 12 and 36 inch telescopes without finding it. 
Dembowski had a similar experience. Inthe Pulkowa catalogue 
of 5,634 stars, Romberg gives number 4093 as OF 546. I 


= 


have 
examined this star, and do not find it double. Otto Struve 
measured OF 546 but once, and speaks of its being near = 2396. 


The measure he gives, including position angle, distance, magni- 


tudes of components, and position in the sky, all agree so closely 
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with those of O2 362 as to make it highly probable that it is 
identical with the latter.—From Publications of the A. S. P. 
(Corrected by the Author.) 

LicK OBSERVATORY. 





COMET SEEKING. 


DR. WILLIAM R. BROOKS, M.A., F. R.A. S 


A real comet seeker is born and not made. It is a pursuit 
which calls for the highest qualities of mind and heart. 

Diligence, indomitable perseverance and endurance, combined 
with an unswerving love of the work, are called for in the high- 
est measure. 

In the first place the successful comet seeker must have a good 
eve. A retina sufficiently sensitive for the detection of very faint 
diffused objects. Starting with a naturally good eve for thisclass 
of work, that natural gift—a blessed boon to him who is so 
fortunate as to possess it—may, by exercise of the gift, and care- 
ful cultivation, be wonderfully improved. For the eye can be cul- 
tivated and trained along different lines of investigation to its 
highest possible development, just as much as the ear to music, 
or any of the other senses in their special spheres 

There is a great natural difference in eves for special lines of as- 
tronomical investigation. One astronomer has an eye especially 
good for the resolution of very close objects, such as difficult 
double stars; another for planetary markings or detail; another 
for the detection of exceedingly faint nebulz. But in all these 
lines cultivation and development is of marked value and im- 
portance. One who has devoted many years to the detection of 
faint comets or nebula, sees most easily objects so difficult as to 
be invisible to the casual observer. A single instance, one of 
many,toillustrate this point. One of the mostinteresting comets 
discovered by the writer, in 1883, viz., the return of the comet of 
1812, or the Pons- Brooks comet, was at the time of discovery an 
exceedingly faint object. It has been credited to the writer asthe 
faintest comet ever discovered. It was, on that first night of dis- 
covery, a mere stain upon the black vault of the heavens. It 
slowly increased in brightness, and at last became a fine naked 
eve comet. But for the few first nights after discovery no visitor 
tothe observatory could perceive it, although placed in thecenter 
of the telescopic field. And it must be remembered that it is far 
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easier to see an object after it is found and pointed out, than to 
detect it in the first place. 

Very great care should also be given to the eyes by one who in- 
tends to pursue this fascinating work. Never subject them foran 
instant to strong or glaring lights, such as the electric are light 
or the direct rays of the Sun. Both are fatal to a really sensitive 
retina. Even in the telescopic work upon the Sun, where dark 
shade glasses are used, great care should be exercised. It has 
been the writer’s practice for many years in making solar obser- 
vations, although using that most refined of all methods for regu- 
lating the amount of light, the polarizing eyepiece, to subject 
only the left eye to this trying work; reserving his right eve, 
which has always been the better one, for nebulz and cometary 
research. 

In the selection of a telescope, preference should be given to one 
of moderate aperture and short focal length. An achromatic re 
fractor of four inches aperture will be found a very useful instru 
ment. A silver on glass reflecting telescope of five or six inches 
aperture should, in the hands of a devoted student, give excellent 
results. The magnifying power on either instrument should be 
low, thus giving the largest possible field of view. 

Higher magnifying powers should, however, be at hand tocare- 
fully examine any suspected object. Very often a small cluster of 
faint stars will appear nebulous with a low power, which the 
higher powers will resolve, and thus decide the true character of 
the object. 

The observer should be provided with charts and catalogues of 
the nebulze, and in addition to this, and best method of all, make 
his own working list as fast as he observes them. 

In sweeping go slow and with exceeding care. One constella- 
tion carefully swept over is much better and more promising of 
good results than a greater number hastily scanned. There isa 
satisfaction even in negative results 
formed. 





a sense of duty well per- 


Finally the mind must be intensely fixed upon the work in 
hand. Any wandering of the thought, and the object you have 
been toiling for through months and years, will sail through the 
field of your telescope and you will not see it. 

Remember always Goethe’s words:— 

‘*‘A mind distraught ieads not to the goal.”’ 

To no class of men is this more true than the astronomer, and 
to him of all others, the devoted searcher for comets.—Popular 
Science, February, 1899. 
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SPECTROSCOPIC NOTES. 


tf the science 
But in Professor Darwin's fascinating popular work on the tides 
(The Tides—by George Howard Darwin—Houghton Mifflin & Co. 1898)—a book 
which should find a large number of readers—it is 


The tides and spectroscopy seem to be about at the antipodes « 
of astronomy. 


surprising, and yet most 


natural, to find as the subject of the closing paragraph of the book Keeler’s 


spectroscopic confirmation of the mathematical theory of Saturn’s ring 


In the Astrophysical Journal for January Professor H. C. Vogel has a very 


suggestive article on the meaning of certain 





indefinite bands detected by Profes 


sor Scheiner in the spectrum of @ Aquil He considers the old idea that the 
great width of hydrogen lines in a spectrum of the first class is due to the star’s 
rapid rotation; the receding side of the star giving the part of the line toward 
the red, the approaching side of the star gi part of the line toward the 
blue, and the central meridian of the star giving the denser middle of the line 
in the spectrum. Professor Vogel recalls | is Objections to this hypothe 
sis; that the character of the lines is not in close agreement with the hypothesis 
that an almost impossible velocity of rot yn is required, and that if the hydro 
gen lines are widened the other lines should be widened equally The spectrum 
of a Aquila, however, contains in addition to the hydrogen lines the indefinite 
bands found by Professor Scheiner, and a study of 29 photographs of this spec 


trum shows that these taint bands in position with strong groups of 


lines in the spectrum of the Sun. Professor Vogel’s conclusion is that the ap- 
pearance of these bands can be produced by a widening of prominent solar lines 


due to a rotation of perhaps 25 kilometers (15 miles) per second. The result he 
reaches is thus summarized :— 

‘The hydrogen lines are much broadened as a result of the conditions of 
temperature and pressure in the star’s atmosphere, and they are rendered a little 
more diffuse by the star's rotation. In addition to the hydrogen lines, numerous 
metallic lines are present, and the composition of the atmosphere of the star ap- 
proaches that of the stars of the second spectral class. All of the lines are, how- 
ever, broadened in consequence of a strong rotation, so that close lines form sep- 
arate diffuse hands, while the stronger, isolated lines appear diffuse.” 

The case seems to be similar tor 6 Leonis and 6 Leonis, and perhaps for 6 
Cassiopeiae. 

As a second part of the paper Professor Vogel stoutly disputes Deslandres’ 
discovery that the velocity of @ Aquilae in the line of sight is variable. His 
measurements of the plates of the spectrum indicate a constant velocity of 
approach of 33 km. (20 mi.) per second. 

In the annual report of the Superintendent of the U. S. Naval Observatory at 
Washington, the Astronomical Director states that observations have been taken 
with the spectroscope to determine the focal curve of the 26 inch object glass. 
The investigation, not yet completed, indicates that the minimum of the curve 
falls at ur near the line Ein the green of the spectrum. 
at the G line is given as 1.233 inches. 


The ordinate of the curve 


eon 


From observations taken with the spectroscope attached to the 30-inch tele- 
scope of the Pulkova Observatory Herr Belopolsky confirms Professor Campbell's 


















160 Variable Stars. 


result of a variable motion in the line of sight for 7 Pegasi. Campbell’s values 
are, for 1897 July-Sept. — 4.3 kilometers (— 2.7 miles) per second, and for 1898 
Aug.-Sept. + 16.2 km. (10.1 mi.) per sec.; Belopolsky’s values are, for 1897 Aug. 
—Sept. —4.8 km. (—3.0 mi.) per sec., and for 1898 Aug.—Sept. + 16.9 km. 
{+ 10.5 mi.) per sec.; + indicating recession and — appproach. 


The report of the Director of the Harvard College Observatory contains an 
account of the usual enormous mass of work accomplished during the vear. The 
work with the objective prism has gone on actively, and the examination of the 
plates has yielded a number of new variable stars and objects with peculiar spec- 
tra. The most striking part of the report, however, is that which contains the 
comments of the Director, as called forth by a mention of the visit of the astro- 
physical conference last summer, upon the organization of the Harvard Ohserva- 
tory. After mentioning the scheme frequently adopted in large Observatories of 
having several independent departments working separately, he gives this descrip- 
tion of the centralized organization of the Harvard Observatory:— 

‘The Director of the Harvard College Observatory takes immediate charge of 
tke various departments, in many cases making a daily inspection and planning the 
work in detail. Many of the assistants are skillful only in their own peculiar 
work, but are nevertheless capable of doing as much and as good routine work as 
astronomers who would receive much larger salaries. Three or four times as 
many assistants can thus be employed, and the work done correspondingly in- 
creased for a given expediture. This method does not offer the same opportunity 
for the advancement of individuals, and too much depends upon a single person— 
the Director. The advantages for cojperation, or for undertaking large pieces of 
work are very great, and the latter is especially marked since this Observatory 
maintains stations in the southern as well as in the northern hemisphere. The 
same plan of work can thus be carried out for all stars from the north to the 
south pole, and the experience gained at one station greatly aids the 
work at the others. Moreover, uniformity of plan of publication is secured, and 
and on special occasions, as during ecllpses, meteoric showers, etc., large numbers 
of skilled observers are available on short notice. Each method has its advan- 
tages, and it seems advisable that this method should continue to be followed in 
one large Observatory.” 


Professor Campbell gives an account of his observations at the Lick Observa- 
tory on the spectrum of o Ceti in the Astrophysical Journal tor January. He 
finds the bright Hy line displaced toward the violet with reference to the dark 
line spectrum. The character of the bright Hy line seems to change with the 
variations of the star’s light. As the star grows fainter some other bright lines 
are detected, in particular two lines which would seem to be probably iron 
lines. Visually the Hy and H6 lines could be made out, but there was no evidence 
of bright Hf (F) or Ha (C). 


VARIABLE STARS. 


J. A PARKHURST 


CORRECTION TO ANDERSON’S NEW VARIABLE IN CASSIOPEA, IN 
THE FEBRUARY NUMBER, page 94. On receiving a copy of the following chart, 
Rev. Anderson wrote me that through a mistake in estimating the declination, 
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the variable had been wrongly identified. It is the star marked ¢ on the chart, 
and its place is therefore— 
R. A. 23" 37™ 315, Decl. +55° 46’ 37”, (1855) 
39 41 56 1 35 , (1900) 

The table of co-ordinates from the variable for the comparison stars will re- 
quire the following corrections to reduce to places with reference to the true vari- 
able— 

In R. A. — 1’.7, and — 12.1%; in Dec. — 3’.1. 

The differences in R. A. in seconds for the stars c, d, and a, in the table as 

printed, should have the + sign. 


Minima of the Variable Stars of the Algol Type. 


[Given to the nearest hour in Greenwich Mean Time.] 


1899. 
U CEPHEI. R CANIS MAJ Con. 6 LIBRAZ Con 
S , =" * 06 1g CRS SAGITTARII 
Apr. 5 16 a 9 ane - ee d h 
10 16 S CANCRI. U CORON Apr. 2 17 
15 15 d h d h 7 13 
20 15 Apr. 8 7 Aor. 7 12 9 23 
2 15 te 10 23 F 19 
2 < oe] > 
so.) 6M S VELORUM. = 2 «1 
ALGOL. d h 17 20 —™ 
a oh Apr. 26 28 a W DELPHINI. 
Apr. 12 16 . — 
I 7 13 6 LIBR-®. U OPHIUCHI. o 3 
18 9 a h Apr 1 23 
; ; Apr. 3 12 Every 10th min 6 18 
R CANIS MAJ. 5 20 . : 25 23 
. 9 I 20°.1 ri 
2" ‘ 10 2 0 19 
Every 8th me. 12 20 d h 
P= 1" 3.3 17 12 Apr. 9 6 
d h 19 19 17 15 
Apr. is 5 24 11 26 0 
Maxima and Minima of Long Period Variables 
1899. 
MAXIMA. MAXIMA, Con’t. 

April. Mag. Day. April Mag Day 
107 T Cassiopeae 7.0 8 7404 R Microscopii 8.0 14 
114 S Ceti 7.0 26 7659 T Capricorni 8.8 16 
869 R Fornacis 8.5 27 , 

1357 U Eridani 8.5 20 MINIMA. 

1717 V Tauri 83 1 April Mag Day. 

1894 T Columbae 7.6 25 112 R Andromedae < 12.8 9 

2100 U Orionis 6.4. 7 494 R Sculptoris 8.0 15 

2857 U Puppis 8.5 18 1577 R Tauri 13.5 27 

3184 T Hvdrae 7.0 12 2478 R Lvyncis 13 14 

4948 RCanum Ven. 6. 29 2742 S Geminorum 13.5 20 

5190 RCamelopardalis 7.2 26 3825 RUrsae Majoris 13.2 24 

5593 W Librae 9.8 9 5338 U Bootis 13.6 14 

5675 V Coronae re 20 5677 R Serpentis 13 11 

6682 X Ophiuchi 6.8 6 6905 R Sagittaria 12.5 20 

6940 U Lyrae 8.3 12 6921 S Sagittarn 14.5 6 

7120 x Cygni 4.0 29 7560 R Vulpeculae 13.6 30 

7252 WCapricorni 10.2 2 7999 X Aquarii 13 20 

7261 R Delphini 7.6 6 8324 V Cassiopeae 12.4 r 

8373 S. Pegasi < 13 22 
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MAXIMA. MAXIMA, Con't. 

May. Mag Day. May. Mag. Day. 

466 U Piscium 96 29 7435 Y Aquarii 88 11 

782 Kk Arietis 7.6 1% 7538 RR Capricorni 9 5 
2258 V Aurigae 8.5 27 8562 Z Aquarii 8.2 14 
2376 S Lyncis 9.4 oi ; 
2691 T Canis minoris 90 12 MINIMA. 
317060 S Hvydrae 1.5 4 May. Mag. Day 
4492 YW Virginis 8 13 806 o Ceti ( Mira) 9.5 14 
4521 R Virginis 65 16 1222 R Persei 135 20 
4596 U Virginis 7.7 9 1761 R Orionis 13.5 17 
5157 S Bootis 7.7 6 2625 V Geminorum 14.0 23 
5194 V Bootis 69 20 2976 V Cancri 12 23 
5644 Z Librae 11 4 5583 X Librae 14. 17 
5770 R Herculis 5.0 14 6044 S Herculis 13 29 
5831 S Scorpii 91 3 6849 R Aquilae 11.5 19 
6512 T Herculis 69 1 8591 V Cephei 71 11 
7118 X Aquilae 8.4 3 7085 RT Cygni 11 28 
7299 U Cygni 70 15 F 


* Note on 2376 S Lyncis. The dates for the Long Period Ephemeris are 
taken from Dr. Hartwig’s ephemeris in the Vierte/jahrsschrift, Vol. 33, part 4. 
In the preface to this ephemeris Dr. Hartwig says: ‘'S Lyncis seems to have a 
period of 618 days and to have been at maximum 1897, September 20.”" My ob- 
servations do not harmonize with either this period or date of maximum. I have 


observed this star since 1898, Jan. 16, when it was 19™ and falling. It passed 


a minimum about June 1, below 13™, and rose to a maximum Oct. 1, at 9™.4, 
It had fallen again to 12™ by 1899, January. These observations cover one and 
a quarter complete cycles and indicate a period of about 293 days. This period 
satisfies Rev. Anderson's observations of April and December, 1897, while Dr. 
Hartwig’s figures would seem to make the star invisible in the discoverer’s tele- 
scope, a 214-inch, in April, 1897, at which time it was observed as 10™.5. How- 
ever, these criticisms presuppose a regularity to the variation, of which we are, 
as yet, by no means assured. 
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ANDERSON’S NEW VARIABLE IN ANDROMEDA. The wonderful success 
of this observer in discovering new variables, is shown by his latest announce- 
ment, in No. 3539 of the Nachrichten, of a new variable, not in the Durchmuster- 
ung, in the estimated position— 


R. A. 2" 8™ 23%, Dec. + 43° 37.8, (1855). 
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He gives the followirg observations: 


m m 
1898, Dec. 3 9.1 1899, Jan. 3 9.6 
6 9.1 7 9.7 

28 9.5 


On 1899, Feb. 6, I found the variable about 10™.3, and measured its position 
relative to the stars e and a, which are DM. + 43°, 447 and 457, respectively, 
ard which are given in the Bonn A. G. catalogue, with the following result: 

R.A.2° 8” 26.7, Dec. + 43° 37’ 46”, (1855) 
11 14.1 5V 26 , (1900). 

The positions of the following comparison stars were measured and their 

magnitudes estimated for identification: 


Co-or. from V. Co-or. from V 

. Z. &. . Decl. Mag UR \ Dec I. Mag 
e — 257.3 —47 5 1 h — 30 16.4 3.8 12.5 
n — 7.1 - 39.6 2.1 14.8 b 0.8 4.6 + 3.4 9.6 
d —6.5 — 36.2 +0.3 10.5 c + 21 +11.8 4+0.1 9.7 
1 —58 - 32.1 —40 10.8 gZ 3.1 17.1 3.2 11.8 
m —5.5 30.6 + 2.4 11.7 t 6.7 37.1 0.8 10.2 
k — 5.3 29.5 392 10.5 a 12.0 66.3 eS 


This variable is readily located from the naked eye star e, which is b (Bayer’s 
letter) 60 (Flamsteed’s number) Andromedae, and nearly 3° north following 
gamma Andromedae. 

The accompanying chart on the scale of the DM gives all the stars down to 
about 9™.5 within °4° of the variable. The position of the star b will serve to 
connect it with the larger scale chart which gives the fainter stars needed to 
identify the variable near minimum, The magnitudes on this larger scale chart 
run from 9.6 to 12.5, and there are no other stars much brighter than the 12™ 
nearer the variable than those given. This star is so easy to find without circles 
that it should be added to the list given in Popular Astronomy V, page 390. 

SS CYGNI. Elsewhere in this number will be found the observations of 
Messrs. Daniel, Sperra and Parkhurst for 1898, with remarks on the period and 
light curves. The following observations have been received from Mr. David 
Flanery, of Memphis, Tenn. 


CENTRAL TIME, 


1899, Jan. 6 8h 4Qm 10™ or less Jan. 8 8» OO™ 8™.35 
7 7 OO 8 .65 14 7 20 8 .35 
8 00 8 .65 16 8 .8 


These observations were made with a 3-inch telescope. 


PLANET NOTES FOR MARCH. 


H. C. WILSON 


Mercury will be evening star during this month and will be visible to the 
naked eve from the 20th to the 30th, during a part of the hour after Sunset. Mer- 
cury will be at the node of its orbit, crossing the ecliptic from the south to the 
north, on March 12; at perihelion March 17; at greatest elongation east from the 
Sun, 18° 45’, March 24, and at greatest northern latitude March 27 


mie 
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Venus is visible as a brilliant star seen toward the southeast in the morning. 
The waning Moon will pass quite close to the planet on the morning of March 8. 


Venus will cross the ecliptic from north to south on the 26th. 


NOZIHOH HLUON 
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SOUTH HORIZON 


THE CONSTELLATIONS AT 9 P. M., MARCH 1, 1899. 





Mars is at the west end of the loop in his path in Gemini and will from now 


on move toward the east, entering the constellation Virgo in June. 


Some inter- 


esting drawings of the ‘‘canals’’ have been recently made at the Lowell Ohserva- 
tory, Flagstaff, Arizona. Reproductions occur elsewhere in this number of Popvu- 


LAR ASTRONOMY. 


Jupiter is near the meridian, toward the south at a rather low altitude, at 4 
A.M. The planet is moving slowly westward between the cunstellations Libra 


and Virgo. 
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WEST HORIZONS 
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Saturn and Uranus are also to be seen in the morning, 
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between Jupiter and 


Venus; Saturn with the unaided eye, Uranus with the aid of a telescope. Saturn 


will be at quadrature, 90° west of the Sun, March 13 


o. 


Neptune will be at quadrature, 90° east of the Sun, March 12. 


Uranus passed that posi- 
tion last month. The waning Moon will pass Uranus March 4and Saturn Mar. 5. 


served best between eight and nine o’clock in the evening 


it may be identified by means of its disk, 


With ag 


It may be ob- 


good telescope 


little less than 2° west from the star 
€ (Zeta) in the tip of the southern horn of Taurus 


Sunspots have been very few during the past month, there being several days 
on which none 
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Phases. 
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Occultations Visible at Washington. 
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Ephemeris of Wolf’s Comet. 


[From Astronomische Nachrichten No. 3 
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Ephemeris of Comet j 1898 (Chase). 





[From Astronomical Journal, No. 554.) 


R.A Decl. log. 4 Br. 
h m 8 ° , ” 
Mar. 2.5 10 55 35-16 +38 4 19.6 0. 3062 0.77 
4-5 54 31-44 38 10 40.0 0.3103 0.75 
6.5 53. 29.03 35 #615 50.6 0.3145 
8.5 52 28.31 38 «619 «50.9 0.3188 0.71 
10.5 51 29.67 38 «22 «42.6 0.3233 
12.5 50 33-34 38 24 «626.6 0.3278 ).67 
14.5 49 40.26 38 «25 2.3 0.3326 
16.5 45 50.19 38 24 32.9 0.3375 0.63 
18.5 48 3.54 39 230 «O05 0.3425 
20.5 47 20.60 38 20 25.6 0.3475 0.59 
22.5 40 41.55 35 16 5§2.4 0.3527 
24.5 46 6.59 38 12 20.8 0.3579 0.55 
26.5 45 35-86 338 «6-6 555.2 0.3632 
28.5 45 9.42 38 40 36.7 0.3686 0.51 
3055 44 47.38 a ee 0.3740 
April 1.5 44 29.87 37. 45 31.8 0.3795 0.48 
3°5 10 44 16.87 + 37 30 49.3 0.3851 


GENERAL NOTES. 


The law of temperature of gaseous bodies as presented in Dr. See’s article 
elsewhere in this number is severely criticised in No. 456 of A. J. by A. S. Chessin. 
The critic may be right, yet he has not made his points well. 


Mathematics and Miracles. There are three things that I verily be- 
lieve. First, I believe that J. Morrison, Ph. D., of Washington, D.C.,is an ac- 
complished mathematician; second, that Professor Lewis Swift, of Echo Moun- 
tain, Cal., is an equally accomplished astronomer; third, that both are too 
sensible to take very seriously what here follows. That is to say, that if it 
should appear that the former does not understand the passage of scripture 
which he used as a text for his article on the dial of Ahaz in the December num- 
ber of PopuLar AstTRONOMY and that there is something wrong with his ‘‘im- 
pregnable’’ mathematics he will preserve the serenity of his temper, and that the 
latter will do likewise when he is told that the theory he promulgates to explain 
the alleged miracle is a very Jame attempt to explain the unexplainable by an im- 
probable hypothesis based upon an unwarranted assumption. 

It the event narrated in II Kings, Chap. 20, v. 9-11 really happened it was a 
miracle, pure and simp'e. If Dr. Morrison will read the passage carefully he 
will notice that it was in the prophet’s mind to perform a miracle. This is 
proven by his offering Hezekiah an alternative; he would make the shadow go 
forward 10 degrees or back 10 degrees, as the king should elect. If this does not 
prove an intention on the prophet’s part to perform a miracle then nothing can 
be inferred from language. Dr. Morrison seems to have overlooked this point. 
He seems, too, to have overlooked s »mething else; namely, that if the going back 
of the shadow was a perfectly natural phenomenon, which, under certain con- 
ditions, might happen anywhere, then a deception, to which the Lord and his 
prophet were parties, was practiced upon Hezekiah. It would be less irreverent 
to deny the truth of the story. 


Iam unable to follow Dr. Morrison through the mathematical labyrinth by 
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which he thinks he has proven the possibility of the impossible. Already it has 
been said in PopuLaR ASTRONOMY that it is a physical impossibility for the 
shadow on a dial, north of the Tropic of Cancer, to reverse the direction of its 
motion. This is certainly true and there is just as certainly a weak link in the 
chain of mathematical reasoning that seems to prove otherwise, and it does not 
alter the case that one unskilled in mathematics is unable to point out the 
defective link. A chain of mathematical, or any other sort of reasoning, that 
ends in a reductio ad absurdum contains a fallacy. I think that if Dr. Mor- 
rison will go over his demonstration he will detect the fallacy. For it 
tainly there. 
GREENSBURG, Pa. 


is cer- 
R. M. MCCREARY, 


The Dial of Ahaz.—But for an erroneous statement in Dr. Morrison’s last 
letter contending for the truth of his theory on the shadow going back on the 
Dial of Ahaz, I would have discussed the subject no farther, but not because I 
am convinced that the theory advanced was erroneous. He couples me with Dr. 
Talmage that we both contend that the backward motion of the shadow was 
caused by stoppage of the Earth’s rotation, and going back, then stopping again 
and going forward. I have made no such statement, or, any resembling it. 
What I contended for was that refraction by the Earth atmosphere elevated the 
Sun enough when at or near the horizon to cause the shadow to go back (west) 
10 steps instead of degrees. 

The more I think of it the more 1 am convinced that the dial played no part 
in the miracle. It would clearly have been an oversight had the writer omitted 
to say where the miracle was performed, so he says or would have said if his 
statement in Hebrew had been correctly translated, that the place was at the 
Dial of Ahaz, it being the locality where the people usually congregated. It is 
quite unlikely that the his dial was in his back yard or in the woods. There was 
no lack of objects to cast a shadow, even a man could cast a better shadow that 
a crowd could see than any part of a dial. The Doctor must not abandon his 
degrees, the translators only inserted it there because they could not conceive 
what 10 somethings could mean going backward unless degrees. They made a 
similar mistake in translating Second Samuel, 1-18, ‘‘ He bade them teach the 
children of Judah the use of the bow.’’ They could not imagine what could be 
taught about a bow unless it was how to use it. The Revised Version has a song 
of the bow. It is borrowed from the book of Joshua, a practical work. We 
have songs on the telegraph, locomotive, bicycle, etc. The passage should read, 
‘*And Isaiah, the prophet, cried unto the Lord and he brought the shadow 10 
steps backward at the Dial of Ahaz ”’ 

A Sun-Dial is a device graduated into hours, etc., for telling the time of day 
by ashadow. Therefore, of what possibie use would one be tor that purpose if 
divided into degrees? And how, if divided either way, would they convey the 
remotest idea as to what 10 steps would mean? It is very doubtful if they 
knew anything about degrees, or into how many parts a circle should be divided. 
It has not always, even in modern times, been divided as we do, into 360 parts. 

: LOUIS SWIFT. 

Sun-Dial of Ahaz.—I read with interest the articles by Dr. Morrison and 
Professor Swift on the subject of the Sun-Dial of Ahaz. and I have read also the 
communication in the last issue from a New England gentleman, in which he 
calls down the astronomers on the score of wasting their time over what he 
thinks is a matter of unreliable tradition. As one who has made some special 
study of Old Testament Criticism, and also of Astronomy, I want to protest 
against the introduction of critical dogmatism into the realm of our beloved 
science. There is a possibility that some Biblical critics, calmly trusting in the 
ability of their judgments to decide what is and what is not becoming to the Al- 
mighty God, may go tar astray from a real scientific treatment either of the 
Bible or of Astronomy. 

Astronomy, like Archeology, has been a beautiful hand-maiden to true reli- 
gion, and is in itself one of the surest means of ascertaining the truth or error of 
traditional statements. Let it not be fettered by the voice of that unscientific 
spirit which goes far beyond the good Pope in its air of infallibility. 

JOSEPH H. EARP. 
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Bright Meteor.—While studying the structure of Lunar formations in 
the 8%-inch Brashear reflecting telescope, on Feb. 17th, at about 7:00 Pp. M., 
75th meridian, my attention was attracted by a very large meteor in Argo 
Navis, whose path was westward, and parallel with the 
very slow and sluggish rate of motion, it crossed the 
“Canis Major,’’ “‘Lepus,” and finally disappeared far to the west in Eri- 
danus, which afforded a splendid opportunity to note the phenomenon. It 
was a beautiful red color, fluctuating in brightness during the transit, 
and throwing off long, distinct streamers of fiery matter, at angles to its line 
of motion, for more than 12 seconds ot time. From the apparent slow mo- 
tion and low altitude, it must have been seen at a great distance. The ordinary 
appearance of one of these bodies, which, so sudden and startling, almost para- 
lyzes the senses with feelings of wonder and fear, they are hardly seen before they 
vanish, is a marked contrast to this seemingly tired and weary wanderer, from 
the unknown depths of infinity space, wasting his substance in our atmosphere, 
only to plunge again into the deep mysterious abyss of thetuture, or be reduced to 
star dust by coming in contact with other worlds. 

Barre Center, N. Y., Feb. 20, 1899. 


horizon. At a 
constellations, 


WESTON WETHERBEE, 


The Benjamin Apthorp Gould Fund.—On Nov. 17, 1897, the sum of 
twenty thousand dollars was given to the National Academy of Sciences, as 
trustee, to establish a fund to be known as the Benjamin Apthorp Gould Fund, 
in memory of the father of the donor, Miss Alice Bache Gould, the income to be 
used to assist the prosecution of researches in astronomy, the administration of 
this income, in accordance with the terms of the trust and of a letter of instruc- 
tions from the donor, to be under the direction of the undersigned. 

A sufficient available income has now accrued from the Fund to warrant be- 
ginning its distribution, and the directors are prepared to receive and consider 
applications tor appropriations. As a guide in framing such applicatious it is de- 
sirable to present briefly, but in close adherence to the exact terms of the trust 
and of the letter of instructions accompanying it, the principal provisions to be 
regarded in the administration of the Fund. 

Phe oljects of the institution are, first, to advance the science of astronomy; 
secondly, to honor the memory of Dr. Gould by ensuring that his power to ac- 
complish scientific work shall not end with his death. In recognition of the fact 
that during Dr. Gould’s liletime his patriotic teeling and ambition to promote the 
progress of his chosen science were closely associated, it is preferred that the 
Fund should be used primarily for the benctit of investigators in his own country 
or of Jus own nationality. But it is further recognized both by the douur and 
the directors that sometimes the best possible service to American science 1s the 
Maintenance of close communion between the scientific men of Europe and of 
America, aud that therefore, even while acting in the spirit of the above restric- 
tion, it may occasionally be best to apply the money to the aid of 
vestigator working abroad 





a foreign im- 


The wish was also expressed by the donor that in all cases work in the as- 
tronomy of precision should be given the preference over any work in astrophy- 
sics, both because of Dr. Gould's especial predilection and because of the present 
existence ot Renerous endowments tor astrophy sics. 

Finally, the Benjamin Apthorp Gould Fand is intended for the advancement 
and not for the diffusion of scientific knowledge, and is to be used to detray the 
actual expenses of investigation, rather than tor the personal support of the in- 
vestigator during the time of his researches, without absolutely excluding the 
latter use uider the most exceptional circumstances. 

Application for appropriations trom the income of this Fund may be made in- 
formally by letter to any of the directors undersigned, stating the amount de- 
sired, the nature of the proposed investigation, and the manner in which tue ap- 
propriauion is to be expended. If favorably considered, a blank tor formal appli- 
cation will be forwarded for signature, with the rules adopted by the directors for 
the administration of the Fund, and to which the applicant will be expected to 
subscribe. LEWIs Boss, 

SETH ©. CHANDLER, 


1899 January 1. ASAPH HALL. 

















